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FOREWORD 

This  publication  deals  with  a stratigraphic  prob- 
lem involving  complex  sedimentological  processes 
and  varied  paleo-environments.  The  approach 
which  the  author  used  involved  quantitative  and 
semi-quantitative  laboratory  methods  coupled 
with  field  observations.  Some  of  the  stratigraphic 
observations  and  conclusions  are  by  their  very 
nature  subjective  and  thus,  subject  to  variation 
depending  on  the  individual  observer.  We  believe 
that  this  is  one  approach  to  the  understanding  of  a 
difficult  geological  problem. 
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STRATIGRAPHY  OF  THE  DEVONIAN 
TRIMMERS  ROCK  IN  EASTERN  PENNSYLVANIA 


by 

Lawrence  A.  Frakes1 2 

ABSTRACT 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation  attains  a maximum 
thickness  of  about  4000  feet  in  Pennsylvania  and  consists  of  gray,  brown,  and  green  shale; 
graded,  fine-grained  graywacke;  and  conglomerate  of  Middle  and  Late  Devonian  age. 
The  Trimmers  Rock  and  its  lithologic  counterparts  are  exposed  throughout  the  Valley 
and  Ridge  province  of  the  central  Appalachians  where  they  represent  relatively  deep- 
water marine  deposits  of  the  Catskill  delta. 

The  Trimmers  Rock  of  eastern  Pennsylvania  is  divisible  into  ten  informal  rock-strati- 
graphic units  consisting  dominantly  of  siltstone  and  separated  by  nine  shale  units. 
Graywacke  units  thicken  and  coarsen  to  the  south-southeast.  The  five  youngest  silt- 
stone  units  are  lateral  equivalents  of  the  lower  portion  of  the  shallow-water  Catskill 
Formation,  which  is  progressively  older  toward  the  southeast.  The  oldest  siltstone  unit 
is  identical  to  the  upper  portion  of  the  Middle  Devonian  Mount  Marion  Formation  in 
southeastern  New  York. 

Within  this  detailed  stratigraphic  framework,  the  geographic  distribution  of  physical 
features  allows  generalizations  to  be  made  concerning  the  paleogeography  of  the  Catskill 
delta.  The  foot  of  the  submarine  paleoslope  is  delineated  by  the  lowest  occurrence  of 
subaqueous  slide  deposits  consisting  of  angular  blocks  and  depositionally  loaded  structures. 
This  Devonian  paleoslope  was  inclined  from  south-southeast  to  north-northwest  in  eastern 
Pennsylvania  and  built  north-northwest  through  time.  Throughgoing  paleocurrents 
from  the  east  deposited  distinctive  graded  siltstones  against  the  foot  of  the  slope.  In  south- 
central  Pennsylvania  a slightly  younger  paleoslope  was  probably  inclined  from  southeast 
to  northwest. 

East-west  ripple  marks  indicate  that  paleoccurents  moved  generally  northward  in 
their  early  stages  but  were  deflected  at  the  foot  of  the  paleoslope  to  the  westward  flow 
indicated  by  sole  marks.  In  south-central  Pennsylvania,  analogous  counter-clockwise 
deflection  of  early  northwest  flow  to  later  southwest  flow  is  suggested  by  less  abundant 
structures. 

The  floor  environment  during  deposition  of  the  Trimmers  Rock  was  characterized  by 
1)  stable  slopes  inferred  from  the  lack  of  slide  deposits,  2)  relatively  low-energy  currents 
forming  sole  marks,  3)  abundant  infauna  inferred  from  ubiquitous  trace  fossils  and  poorly 
developed  fissility  in  shales,  and  4)  low  or  infrequent  oxygenation  suggested  by  the  nature 
of  the  fauna  and  the  dark  colors  of  the  rocks.  The  depth  was  possibly  deep  neritic. 

The  slope  environment  was  characterized  by  1)  locally  unstable  slopes  indicated  by 
slide  deposits,  2)  relatively  high-energy  currents  inferred  from  abundant  cross  stratifica- 
tion, ripple  marks,  and  fragmented  fossils,  3)  a more  common  epifauna  and  fewer  infaunal 
elements,  and  4)  high  or  frequent  oxygenation  indicated  by  the  fauna  and  the  abundance 
of  hematite. 

The  graywackes  and  conglomerates  of  the  Trimmers  Rock  are  notably  deficient  in 
feldspar  and  contain  few  recognizable  igneous  or  metamorphic  rock  fragments.  This  sug- 
gests that  the  source  region  was  a broad  sedimentary  terrain  of  moderate  relief  occupying 
portions  of  the  present  Great  Valley,  Piedmont,  and  Coastal  Plain. 

1 Submitted  to  the  faculty  of  the  University  of  California,  Los  Angeles,  in  partial  fulfillment 
of  the  degree  of  Doctor  of  Philosophy,  June,  1964. 

2 Assistant  Research  Geologist,  University  of  California,  Los  Angeles. 
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INTRODUCTION 

GENERAL  STATEMENT 

The  earliest  attempts  by  geologists  to  subdivide  the  thick  column  of 
Paleozoic  sedimentary  rocks  of  the  Appalachian  region  succeeded  in  sep- 
arating an  upper  sequence  of  dominantly  clastic  deposits  from  a lower  one 
of  considerable  carbonates.  The  carbonate-clastic  dividing-line  is  at  the  top 
of  the  Lower  Devonian  Onondaga  Limestone. 

Within  the  upper  clastic  section  further  lithologic  and  biologic  subdivisions 
of  varying  degrees  of  lateral  persistence  have  allowed  generalizations  to  be 
made  about  the  geologic  history  of  the  Appalachian  geosyncline.  Among 
the  most  significant  of  these  is  the  recognition  of  the  deltaic  nature  of  the 
Middle  and  Late  Devonian  suite  of  rocks.  The  Catskill  delta,  consisting  of 
a complex  of  deep-  and  shallow-marine  sedimentary  rocks  in  intricate  facies 
relationships,  is  probably  the  most  intensively  studied  structure  of  its  kind. 

This  study  is  concerned  with  the  nonred,  arenaceous  Devonian  strata  of 
eastern  Pennsylvania  and  nearby  areas.  This  group  of  rocks  is  embodied 
in  the  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation,  which 
attains  a maximum  thickness  of  about  4000  feet.  It  is  hoped  that  study  of 
the  physical  characteristics  of  these  deltaic  rocks  will  yield  recognition  cri- 
teria which  will  be  of  value  elsewhere.  One  purpose  of  the  present  study  is 
to  define  and  test  the  value  of  lithostratigraphic  units  in  the  deep-water 
Trimmers  Rock  facies  of  the  Catskill  deltaic  complex. 

Slide  structures,  indicating  unstable  slopes,  provide  much  information 
bearing  on  bottom  configuration,  as  do  the  paleocurrent  systems,  which 
trace  the  paths  of  gravity-driven  currents.  Stratigraphic  and  geographic 
variation  of  lithologic  features  determine  the  distribution  of  paleo-environ- 
ments  and  paleogeographic  elements. 

REGIONAL  GEOLOGY 

The  geologic  column  of  Middle  and  Upper  Devonian  rocks  in  Pennsyl- 
vania (modified  from  Willard,  1939)  is  generalized  in  Figure  1.  In  most 
sections  the  Marcellus  Formation  overlies  the  Onondaga  Limestone  and  is 
in  turn  overlain  by  the  Mahantango  Formation.  The  base  of  the  Upper 
Devonian  section  is  drawn  on  the  base  of  the  succeeding  Tully  Limestone 
Member  of  the  Rush  Formation.  A series  of  dark  shales,  the  Burket  Member 
of  the  Rush  Formation  and  the  Harrell  Shale  Member  of  the  Fort  Littleton 
Formation,  occur  above  the  Tully.  The  arenaceous  portion  of  the  Catskill 
delta  lies  above  these  shales;  a relatively  deep-water  facies  is  represented  by 
the  Trimmers  Rock  and  Brallier  Members  of  the  Fort  Littleton  Formation, 
and  a shallow-water  facies  is  represented  by  the  red  beds  of  the  Catskill 
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FIGURE  1 . Generalized  geologic  column  of  Middle  and  Upper  Devonian  Rocks  in  central  Pennsylvania. 
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Formation.  Regionally,  the  shales,  deep-water  sands,  and  red-bed  sands 
interfinger  in  well-defined  facies  relationships  which  indicate  that  the  shallow- 
water  deposits  built  northwestwardly  over  the  deep-water  deposits  (Willard, 

1939). 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation,  the  subject 
of  this  study,  has  widespread  surface  exposure  in  southern  and  eastern 
Pennsylvania  (Figure  2).  In  the  Valley  and  Ridge  province  the  Trimmers 
Rock  is  best  exposed  in  the  many  stream  valleys  transverse  to  the  regional 
structure.  Exposures  of  the  Trimmers  Rock  in  eastern  Pennsylvania  are 
greatly  restricted  because  of  glacial  cover. 

Regionally,  strata  having  the  lithologic  characteristics  of  the  Trimmers 
Rock  extend  past  the  boundaries  of  Pennsylvania  into  south-central  and 
southeastern  New  York,  western  Maryland,  and  eastern  West  Virginia. 

For  the  purposes  of  the  detailed  lithostratigraphic  studies  undertaken  here, 
reasonably  complete  sections  are  necessary.  Exposures  along  the  Allegheny 
Front  and  in  the  northern  half  of  the  state  are  meager,  and  for  this  reason 
the  study  is  restricted  to  the  region  broadly  referred  to  as  southern  and 
eastern  Pennsylvania.  Sections  exposed  at  Port  Jervis,  New  York  are  in- 
cluded for  the  purpose  of  giving  maximum  coverage  in  an  easterly  direction,  i 
and  four  wells  in  northeastern  Pennsylvania  provide  data  on  rock  distribu- 
tion toward  the  northeast. 
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FIGURE  2.  Distribution  of  the  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation.  Modified 
from  the  Geologic  Map  of  Pennsylvania  (I960). 
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HISTORICAL  BACKGROUND 
OF  UPPER  DEVONIAN  STRATIGRAPHY 


In  the  last  125  years,  expansion  of  thought  concerning  the  Devonian 
Catskill  delta  has  in  many  instances  set  the  precedent  for  stratigraphic  prac- 
tice in  North  America.  For  this  reason  a brief  resume  of  the  history  oi 
stratigraphy  for  those  rocks  is  presented  here. 

The  development  of  the  science  of  stratigraphy  in  the  Devonian  rocks  of 
the  Appalachians  began  in  1838  with  the  Second  Annual  Report  of  the 
Pennsylvania  Geologic  Survey.  H.  D.  Rogers,  the  first  State  Geologist, 
applied  a strictly  lithologic  subdivision  utilizing  Roman  numerals  for 
designation.  In  the  Formal  Report  of  the  First  Pennsylvania  Survey,  Rogers 
(1858)  unsuccessfully  suggested  an  elegant  classification  based  on  periods 
of  the  “geologic  day.”  The  more  popular  binomial  method  of  designation 
by  geographic  name  was  introduced  in  New  York,  by  James  Hall  (1839, 
1840)  and  other  workers  (Vanuxem,  1839,  1840,  1842;  Emmons,  1846). 
The  several  stratigraphic  units  which  the  New  York  workers  designated  in 
the  first  subdivision  of  the  Upper  Devonian  section  were  based  partly  on 
lithologic,  partly  on  paleontologic  distinctions.  These  units  have  been  ex- 
tended throughout  the  central  Appalachians. 

Renewed  stratigraphic  studies  in  New  York  by  Clarke  (1885,  1898,  1904; 
Clarke  and  Luther  1904)  and  H.  S.  Williams  (1884,  1887,  1906)  utilized 
the  terminology  of  Hall  and  Vanuxem  but  with  some  revision  because  of  an 
increasingly  strong  emphasis  on  biostratigraphic  subdivision.  At  about  the 
same  time  publications  of  the  Second  Pennsylvania  Survey,  summarized  by 
Lesley  (1892),  endorsed  the  New  York  names  as  synonyms  for  the  earlier 
numerical  nomenclature  of  Rogers. 

For  mapping  projects  initiated  in  1900,  the  Maryland  Geological  Survey 
(Prosser  and  Swartz,  1913)  subdivided  the  Upper  Devonian  on  the  basis  of 
the  paleontologic  differences  established  in  New  York,  but  used  several  new 
names.  The  West  Virginia  Geological  Survey  utilized  the  New  York  nomen- 
clature in  early  mapping  projects  from  1906  to  1924.  Butts  (1906,  1918, 
1940,  1945)  designated  units  in  the  Upper  Devonian  exposed  along  the 
Allegheny  Front  in  Pennsylvania  on  a lithologic  basis  but  retained  some  of 
the  paleontologic  boundaries  already  in  widespread  use. 

An  attempt  by  Caster  (1934)  to  distinguish  between  rock-stratigraphic 
units  and  biostratigraphic  units  in  the  Upper  Devonian  was  the  academic 
foundation  for  the  modern  approach  to  stratigraphy,  but  his  ideas  were  not 
yet  fully  absorbed  when  the  older  principles  were  reapplied  in  new  work. 
Chadwick  (1935a,  1935b)  substantially  revised  the  New  York  stratigraphy 
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on  the  basis  of  faunal  differentiation.  At  this  time,  utilization  of  biostrati- 
graphic  units  as  “members,”  “formations,”  and  even  “groups”  reached  its 
fullest  development.  The  gross  New  York  faunal  subdivisions  of  the  Upper 
Devonian  were  re-endorsed  in  Pennsylvania  by  Willard  (1934,  1935b,  1939). 
IWillard  also  made  additions  to  the  lithic  nomenclature  established  by  Butts 
and  applied  it  throughout  the  state.  In  West  Virginia,  Woodward  (1943) 
partially  retained  the  New  York  names  and,  like  Willard,  extended  the  rock- 
stratigraphic  units  of  Butts.  In  their  southernmost  outcrops  in  Virginia 
some  of  these  units  retain  the  names  given  by  Butts. 

The  most  recent  stratigraphic  work  on  the  Devonian  of  the  Catskill  delta 
has  tended  to  emphasize  rock  units.  In  New  York  the  work  of  Pepper, 
deWitt,  and  Colton  (1956),  Colton  and  deWitt  (1958),  Sutton  (1960,  1962, 
1963),  deWitt  and  Colton  (1959),  and  Fletcher  (1963)  has  contributed  sub- 
stantially to  the  methodology  of  lithostratigraphy.  The  Atlas  Reports  of 
the  Pennsylvania  Geologic  Survey  (Miller,  1961;  Conlin  and  Hoskins,  1962), 
although  not  detailed  stratigraphic  studies,  have  utilized  the  lithologically 
defined  units  set  up  by  Butts  and  Willard.  Frakes  (1963)  revised  the  termin- 
ology of  Willard  to  conform  with  the  Code  of  Stratigraphic  Nomenclature  of 
the  American  Commission  on  Stratigraphic  Nomenclature  (1961). 

In  the  course  of  these  many  investigations,  it  was  gradually  realized  that 
the  clastic  Devonian  section  could  be  divided  into  an  upper  group  of  red 
strata  which  occurred  at  higher  stratigraphic  levels  toward  the  northwest, 
and  a lower  nonred  sequence  containing  marine  fossils.  This  succession  was 
interpreted  by  Barrell  (1913)  as  a vast  deltaic  complex  which  built  north- 
westwardly through  time.  Most  subsequent  investigations  provide  support 
for  this  conclusion.  The  regressive  nature  of  the  succession,  indicated  by 
the  shallow  water  aspect  of  the  younger  beds,  is  the  basis  for  these  early 
paleogeographic  conclusions. 

STRATIGRAPHY  OF  THE 
FORT  LITTLETON  LORMATION 

The  history  of  development  of  stratigraphic  nomenclature  in  the  Dev- 
onian of  the  Catskill  delta  reveals  that  confusion  originated  from  two 
sources.  Lirst,  early  stratigraphers  attempted  to  refer  their  widely  separate 
and  disparate  sections  to  the  one  which  was  first  studied.  Second,  the  cri- 
teria utilized  for  recognition  of  units  varied.  As  a result,  rock-stratigraphic 
and  biostratigraphic  units,  as  they  are  known  today,  were  interchanged. 

Such  pioneer  work  in  stratigraphy  laid  the  foundations  for  modern  efforts 
to  standardize  procedure,  as  exemplified  by  the  Code  of  Stratigraphic 
Nomenclature  of  the  American  Commission  on  Stratigraphic  Nomenclature 
(1961).  Usage  outlined  in  the  Code  of  the  American  Commission  is  followed 
in  this  study. 
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The  Fort  Littleton  Formation  as  defined  by  Willard  (1935b,  p.  1199) 
included  in  ascending  order:  1)  Harrell  Member;  2)  Brallier  Member;  3) 
Losh  Run  Member;  4)  Trimmers  Rock  Member;  and  5)  Parkhead  Member. 

The  Harrell  Member  of  the  Fort  Littleton  Formation  (Figure  3)  consists 
of  fossiliferous  medium-gray  to  dark-gray  shale  and  usually  measures  in 
excess  of  two  hundred  feet  thick.  The  Harrell  is  widely  distributed  in  Penn- 
sylvania and  in  some  sections  lies  on  the  Burket  Member  of  the  Rush  Forma- 
tion. In  many  areas,  however,  the  Harrell  is  interbedded  with  and  insep- 
arable from  the  Burket.  Most  commonly,  the  Harrell,  together  with  the 
Rush  Formation  and  the  Frame  or  Sherman  Ridge  Member  of  the  Ma- 
hantango  Formation,  occupies  topographically  low  ground  adjacent  to  the 
high  ridge  of  the  Trimmers  Rock.  For  this  reason  the  Harrell  is  seldom 
extensively  exposed  but  is  locally  mappable. 

The  Brallier  Member  of  the  Fort  Littleton  Formation  is  described  as  a 
pale-greenish-gray  shale  above  the  Harrell  (Butts,  1945,  p.  11),  but  the  unit 
is  better  characterized  as  siltstone  in  extremely  regular  beds  with  only 
subordinate  shale.  The  Brallier  exceeds  500  feet  in  thickness  along  the 
Allegheny  Front  but  occurs  only  as  interbeds  through  the  Trimmers  Rock 
Member  in  central  Pennsylvania  and  is  absent  in  the  eastern  part  of  the  state. 

The  Losh  Run  Member  of  the  Fort  Littleton  Formation  was  designated 
by  Willard  (1935b,  p.  1206)  from  exposures  in  Perry  County.  Abandonment 
of  the  name  (Frakes,  1963,  p.  186;  Dyson,  1963)  has  been  suggested  because 
the  Losh  Run  is  partially  defined  by  its  fossil  content  and  therefore  cannot 
be  considered  a rock-stratigraphic  unit. 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation  is  the  prin- 
cipal subject  of  this  study  and  is  discussed  at  length  in  the  next  section.  The 
Trimmers  Rock,  which  constitutes  the  bulk  of  the  Fort  Littleton,  usually 
lies  above  the  Harrell  or  the  Brallier  Member  and  below  the  red  beds  of  the 
Catskill  Formation  or  the  greenish  sandstones  of  the  Delaware  River  Flags. 
The  Trimmers  Rock  was  expanded  (Frakes,  1963,  p.  187)  to  include  similar 
strata  previously  termed  Losh  Run  and  Parkhead  Members  of  the  Fort 
Littleton  Formation  and  to  include  the  Chemung  Formation  or  Group.* * 
In  all  exposures  studied  the  Trimmers  Rock  is  the  highest  member  of  the 
Fort  Littleton  Formation. 

EDITOR’S  NOTE 

* The  Pennsylvania  Geological  Survey  does  not  extend  the  name  Trimmers  Rock  west 
to  those  areas  where  “Chemung”  has  been  previously  mapped.  While  the  name  “Chem- 
ung” is  inadequate  for  these  areas,  the  Survey  feels  that  locally  derived  names  are  more 
appropriate  for  these  rocks.  The  Survey  also  does  not  use  the  name  Trimmers  Rock  for 
“Chemung”  in  those  areas  because  mapping  has  not  yet  demonstrated  the  physical  con- 
tinuation of  Trimmers  Rock  into  the  “Chemung.”  To  call  the  “Chemung”  of  those  areas 
“Trimmers  Rock”  may  obscure  additional  complexities  of  stratigraphy  and  facies  changes 
that  only  appear  after  detailed  areal  mapping.  Additionally,  Willard  (1939)  shows  that 
the  Brallier  of  these  areas  is  correlative  of  the  Trimmers  Rock  rather  than  the  “Chemung.”  1 
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FIGURE  3.  Generalized  Middle  and  Upper  Devonian  sections  in  Pennsylvania.  (Not  to 
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The  Parkhead  Member  of  the  Jennings  Formation  of  Maryland  was 
originally  distinguished  both  lithologically  and  faunally  (Stose  and  Swartz, 
1912,  p.  12).  Willard  (1935b,  p.  1199-1200)  extended  the  unit  to  Penn- 
sylvania as  the  Parkhead  Sandstone  Member  of  the  Fort  Littleton  Forma- 
tion. Because  there  is  no  lithologic  basis  for  this  correlation  and  criteria  for 
recognition  are  strictly  faunal,  Frakes  (1963,  p.  186)  pointed  out  that  the 
Parkhead  has  no  value  as  a rock-stratigraphic  unit  in  Pennsylvania.  Hoskins 
(1963,  p.  203)  concurs  in  this. 

The  members  of  the  Fort  Littleton  Formation  recognized  in  the  region 
of  the  present  study  are  the  Harrell,  Brallier,  and  Trimmers  Rock.* * 

STRATIGRAPHY  OF  THE  TRIMMERS  ROCK  MEMBER 


Definition 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation  was  named 
by  Willard  (1935b,  p.  1200-1206)  from  exposures  in  a prominent  hill  on 
the  south  bank  of  the  Juniata  River  east  of  Newport,  Perry  County.  A 
type  section  was  not  described,  but  the  strata  exposed  in  the  railroad  cut 
at  Trimmers  Rock  display  the  lithologic  characteristics  used  to  distinguish 
the  unit  throughout  the  state.  The  section  at  Trimmers  Rock  is  incomplete, 
contains  strata  of  Brallier  lithology,  and  in  addition  is  faulted  (see  detailed 
map  in  Dyson,  1963).  Continued  use  of  the  name  is  recommended  in 
spite  of  these  drawbacks  because  the  term  has  already  been  widely  ac- 
cepted and  applied.  The  Trimmers  Rock  is  a mappable  and  well-defined 
unit  in  the  Juniata  and  Susquehanna  valleys  and  to  the  east.  Introduction 
of  a new  term  would  only  serve  to  create  confusion. 

The  Trimmers  Rock  was  separated  from  the  overlying  Chemung  Forma- 
tion by  Willard  (1935b,  p.  1201)  on  the  basis  of  the  lowest  occurrence  of 

Spinfer"  disjunctus.  In  the  description,  Willard  noted  that  this  contact  is 
not  marked  by  lithologic  change  (p.  1201).  Similarly,  the  upper  contact 
of  the  Trimmers  Rock  with  the  intermittently  present  Parkhead  Member 
was  defined  by  the  occurrence  of  the  Parkhead  fauna  (Willard,  1935b,  p. 

EDITOR’S  NOTE 

* After  this  study  was  completed,  additional  field  data  obtained  by  members  of  the 
Pennsylvania  Geological  Survey  resulted  in  the  modification  of  the  formal  names  applied 
to  these  rocks.  The  names  Fort  Littleton  and  Rush  have  been  abandoned  by  the  Penn- 
sylvania Geological  Survey  (Hoskins,  1963,  p.  200-203).  The  Trimmers  Rock,  Brallier 
and  Harrell  have  been  raised  to  formational  status.  The  Burket  has  been  reinstated  as  a 
member  of  the  Harrell  Formation  following  the  original  designation  of  Butts  (1918). 
The  Pennsylvania  Geological  Survey  for  the  present  time  includes  the  Tully  as  the  basal 
member  of  the  Harrell. 

The  modification  of  the  formal  names  has  largely  resulted  from  the  detailed  mapping 
of  these  units  in  the  area  of  the  Susquehanna  and  Juniata  Rivers. 
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1199-1200).  Because  part  of  the  Chemung  and  the  Parkhead  Member  are 
lithologically  inseparable  from  the  Trimmers  Rock,  Frakes  (1963,  p.  187) 
extended  the  Trimmers  Rock  upward  to  include  all  rocks  below  the  Catskill 
which  had  previously  been  designated  Chemung  or  Parkhead.  The  terms 
Chemung  Formation  or  Group  and  Parkhead  Member  or  Sandstone  are 
perhaps  of  some  value  in  adjacent  states  when  used  to  refer  to  lithologically 
defined  units. 

Lithologically  the  Trimmers  Rock  is  composed  of  gray,  green,  and  brown 
shale,  siltstone,  sandstone,  and  minor  conglomerate.  More  precise  descrip- 
tions of  lithologies  are  given  in  the  section  under  that  heading.  Strata  having 
these  characteristics  and  traceable  to  the  type  locality  are  herein  considered 
as  Trimmers  Rock. 

In  the  region  of  the  type  locality,  siltstone  beds  of  Brallier  lithology  are 
abundantly  present  in  the  Trimmers  Rock;  the  type  Trimmers  Rock  is 
therefore  not  ideally  separated  from  the  Brallier.  In  this  report  the  body  of 
mixed  lithology  is  termed  Trimmers  Rock  and  the  Brallier  is  not  recognized. 


Distribution 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation  is  a con- 
tinuous unit  in  the  surface  exposures  of  Devonian  strata  in  Pennsylvania, 
and  rocks  of  nearly  identical  lithology  are  traceable  across  the  state  bound- 
aries into  New  York,  Maryland,  and  West  Virginia.  Similar  strata  are 
known  in  considerable  detail  in  the  subsurface  of  western  Pennsylvania  but 
are  not  included  as  a part  of  this  study. 

The  Trimmers  Rock  of  eastern  Pennsylvania  is  traceable  into  similar  beds 
in  southeastern  New  York  which  have  been  designated  as  Mount  Marion 
Formation  and  the  overlying  Ashokan  Flags  (Grabau,  1917,  p.  954;  Chad- 
wick, 1944,  p.  104-112;  Fink  and  Schuberth,  1962).  A comparison  of 
lithologic  features  strongly  suggests  that  the  Trimmers  Rock  is  a lithic  equiva- 
lent of  the  middle  and  upper  Mount  Marion  (Frakes,  1963,  p.  197).  The 
Ashokan  appears  to  be  a homotaxial  lithic  equivalent  of  the  Delaware  River 
Flags,  which  overlie  the  Trimmers  Rock  in  eastern  Pennsylvania. 

Dennison  (1963)  has  summarized  LTpper  Devonian  stratigraphic  varia- 
tion along  the  Allegheny  Front  in  Maryland  and  West  Virginia.  In  Mary- 
land, possible  lithologic  counterparts  of  the  Trimmers  Rock  are  designated 
as  part  of  both  the  Chemung  Sandstone  and  the  Parkhead  Sandstone 
Members  of  the  Jennings  Formation  whereas  these  same  strata  are  included 
as  portions  of  both  the  Chemung  Formation  and  the  Brallier  Shale  in  West 
Virginia.  As  defined  in  both  Maryland  and  West  Virginia,  the  Chemung 
actually  represents  a biostratigraphic  unit  since  it  includes  all  rocks  above 
the  Brallier  which  contain  marine  fossils.  Moreover,  since  in  many  cases 
marine  fossils  occur  well  above  the  lowest  red  beds,  the  Chemung  in  these 
states  is  only  in  part  lithologically  the  same  as  the  Trimmers  Rock. 
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Relationships  to  Other  Rock  Units 

The  Middle  and  Upper  Devonian  strata  of  the  Catskill  delta  represent  a 
regressive  sequence  in  which  deep-water  black  shales  are  overlain  by  pro- 
gressively shallower  water  deposits  culminating  in  the  red  beds  of  the  Catskill 
Formation.  On  a regional  scale,  therefore,  black  shales  are  lateral  equiva- 
lents of  red  beds  (Willard,  1939). 

In  the  past,  delineation  of  the  base  of  the  Trimmers  Rock  has  not  proved 
to  be  a source  of  great  disagreement  among  workers,  except  in  places  where 
siltstone  beds  are  widely  dispersed  in  shale  at  the  base.  The  practice  has 
been  to  term  such  dominantly  shale  units  Brallier  Member  (Willard,  1935b, 
p.  1207),  because  the  Brallier  was  originally  defined  as  a shale  containing 
few  siltstone  beds  (Butts,  1918,  p.  531).  Butts  added  (1918,  p.  523-524; 
1945,  p.  11)  that  the  “pale  greenish-gray”  color  of  the  Brallier  is  in  contrast 
with  the  “dove-gray”  color  of  the  Harrell. 

Study  of  rocks  termed  Brallier  at  Girtys  Notch  (Willard,  1939)  and 
Huntingdon  (Butts,  1945)  reveals  that  color  is  not  a distinctive  feature  and 
that  the  unit  is  not  predominantly  shale  but  instead  is  characterized  by  dis- 
tinctive regularly  bedded  siltstone  and  subordinate  shale.  In  the  central 
area  of  the  present  study  siltstones  of  Brallier  lithology  are  interbedded 
through  the  Trimmers  Rock  which  lies  in  sharp  contact  on  gray  shales  of  the 
Harrell.  Typical  Brallier  siltstones  occurring  as  interbeds  in  the  Trimmers 
Rock  are  designated  Type  II  beds  in  this  region,  and  the  Brallier  is  not 
recognized  as  a unit  (Figure  3).  Southward  from  about  the  mid-latitude  of 
Perry  County  and  eastward  from  Bowmanstown  in  Carbon  County,  Brallier 
siltstones  are  not  observed  in  the  sections  measured. 

At  Port  Jervis,  New  York,  strata  of  Trimmers  Rock  lithology  are  tran- 
sitional downward  into  gray,  poorly  bedded  siltstones  typical  of  the  Mount 
Marion  Formation  of  Chadwick  (1944).  These  Trimmers  Rock  beds  are 
mapped  as  Mount  Marion  Formation  by  Fink  and  Schuberth  (1962).  These 
relationships  are  shown  in  Figure  3.  In  this  section,  the  Mount  Marion 
underlies  strata  here  termed  Trimmers  Rock  and  the  Harrell  is  not  recog- 
nized. The  lower  portion  of  the  Trimmers  Rock  at  Port  Jervis  wedges  out 
to  the  west  and  is  in  part  laterally  equivalent  to  the  Harrell  Shale  (Plate  1). 

Strata  of  Trimmers  Rock  lithology  are  overlain  by  red  beds  of  the  Cat- 
skill  Formation  throughout  the  state  except  in  eastern  Pennsylvania  where 
green  sandstone  of  the  Delaware  River  Flags  intervenes  between  the  Trim- 
mers Rock  and  the  Catskill  (Figure  3). 

The  top  of  the  Trimmers  Rock  is  placed  at  the  base  of  the  lowest  occur- 
rence of  reddish-brown  colors  in  the  range  5 R 4/2  to  10  R 4/2  (Goddard 
and  others,  1951).  This  mappable  horizon  is  definitive  for  the  basal  contact 
of  the  Catskill  Formation  (see  Hoskins  and  others,  1963,  p.  161-162).  At 
all  sections  studied  the  lowest  Catskill  red  beds  consist  of  hackly  weathering 
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shale;  Catskill  strata  between  red  shales  are  composed  of  green,  brown, 
and  gray  siltstone,  sandstone,  and  shale  greatly  similar  to  their  counterparts 
within  the  Trimmers  Rock  (Frakes,  1961,  p.  122-123).  Exact  relationships 
of  the  Catskill  to  the  Trimmers  Rock  are  not  presently  known  although 
Plate  1 shows  that  the  two  units  occupy  positions  of  partial  lateral  equiva- 
lence. The  absence  of  angularity  at  the  contact  and  similarity  of  some 
strata  on  either  side  further  suggest  that  red  shales  are  laterally  gradational 
into  gray  shales.  Possibly  this  suggestion  can  be  verified  by  detailed  de- 
scription and  lithic  correlation  of  the  lower  Catskill  rocks  with  upper  Trim- 
mers Rock  strata  on  a regional  basis. 

The  base  of  the  Delaware  River  Flags  is  placed  where  greenish  flagstone 
with  minor  amounts  of  intercalated  shale  becomes  dominant  in  the  section. 
At  Millrift,  in  the  Port  Jervis  section,  the  contact  with  the  underlying 
Trimmers  Rock  is  apparently  sharp  although  only  the  basal  10  feet  of  flag- 
stone is  exposed.  A similar  relationship  is  seen  in  the  Hess  well,  9 miles 
north  of  Port  Jervis,  where  sandstones  with  little  shale  lie  in  sharp  contact 
on  siltstones  and  shales  of  the  Trimmers  Rock.  In  surface  sections  and  wells 
farther  west,  however,  the  Delaware  River  Flags  are  transitional  downward 
into  the  Trimmers  Rock.  At  Winona  Falls  transition  strata  are  considered 
to  be  144  feet  thick.  Transitional  relationships  between  these  two  units  are 
also  exposed  along  Routes  191  and  196  south  of  the  village  of  Analomink, 
Monroe  County. 

In  those  areas  where  the  Delaware  River  Flags  lie  above  the  Trimmers 
Rock,  as  at  Port  Jervis,  the  lowest  red  shales  of  the  Catskill  are  found  in  a 
considerably  higher  position  than  normal.  In  effect,  the  Delaware  River 
Flags  occupy  an  interval  between  the  Trimmers  Rock  and  the  Catskill 
Formation,  and  where  the  flagstones  are  not  present  the  Catskill  lies  directly 
on  the  Trimmers  Rock.  The  question  arises  whether  the  Delaware  River 
Flags  are  lateral  equivalents  of  the  Trimmers  Rock  or  the  Catskill  or  both. 
The  existence  of  a Trimmers  Rock-Delaware  River  transition  zone  and  the 
fact  that  the  base  of  the  Delaware  River  Flags  appears  to  be  stratigraph- 
ically  lower  at  Port  Jervis  than  at  Analomink  suggest  strongly  that  the 
Delaware  River  Flags  are  eastern  equivalents  of  the  upper  Trimmers  Rock. 
Quite  possibly,  the  Delaware  River  Flags  are  also  eastern  equivalents  of 
the  lower  Catskill. 


Age 

The  age  of  all  rocks  in  the  Catskill  delta  has  until  recently  been  con- 
sidered to  be  Middle  and  Late  Devonian.  The  only  known  exception  to 
this  classification  are  the  youngest  Catskill  rocks  of  the  Susquehanna  Valley 
region  in  which  an  Early  Mississippian  flora  has  recently  been  discovered 
(Trexler  and  others,  1961). 
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In  the  central  region  of  the  present  study  the  Trimmers  Rock  is  considered 
to  be  Late  Devonian  in  age  because  these  rocks  lie  several  thousand  feet 
below  the  Mississippian  flora  and  because  they  are  also  well  above  the  Tully 
Limestone,  which  is  considered  the  base  of  the  Upper  Devonian  section 
(Willard,  1939,  p.  207).  In  eastern  Pennsylvania,  where  the  Trimmers 
Rock  occupies  positions  below  limy  shales  interpreted  as  Tully  equivalents, 
the  lower  portions  of  the  unit  are  considered  Middle  Devonian  in  age.  The 
fact  that  the  lower  Trimmers  Rock  is  a lateral  equivalent  of  the  upper 
portion  of  the  Mount  Marion  Formation  of  Middle  Devonian  age  supports 
this  contention. 

Because  this  study  is  concentrated  on  the  lithic  rather  than  the  biologic 
features  of  the  Trimmers  Rock,  no  attempt  is  made  to  divide  the  section 
into  stages  or  to  establish  range  or  assemblage  zones. 

Thickness 

Thickness  variation  of  the  Trimmers  Rock  is  shown  in  the  isopach  map, 
Figure  4.  Thicknesses  utilized  in  constructing  this  map  are  obtained  from 
the  data  of  the  measured  sections  and  represent  thickness  of  strata  of  Trim- 
mers Rock  and  Brallier  lithology  below  the  Catskill  or  Delaware  River 
Flags  and  above  the  correlation  datum  at  the  top  of  Shale  Unit  2 (Plate  1). 

Data  utilized  from  the  wells  in  northeastern  Pennsylvania  represent 
isocores  rather  than  isopachs.  However,  as  judged  from  regional  structure 
dips  are  relatively  slight  in  these  wells,  and,  although  the  thick  section  in 
the  Knorr  well  may  be  a reflection  of  this  inaccuracy,  thicknesses  given  are  i 
in  most  cases  approximately  the  same  as  thickness  perpendicular  to  bedding. 

Perhaps  the  most  meaningful  method  of  interpreting  the  isopach  map  is 
to  consider  that  the  isopach  lines  represent  lines  of  equal  thickness  of  the 
arenaceous  section  above  Shale  Unit  2 and  below  the  Catskill.  Viewed  in 
this  manner  the  map  shows  thickness  variation  of  a lithologic  body  which  i 
is  bounded  above  by  interfingering  relationships.  Accordingly,  the  meaning  j 
of  thickness  variation  for  the  Trimmers  Rock  is  not  as  clear  as  for  strati- 
graphic units  bounded  by  planar  contacts.  The  generalization  can  be  made, 
however,  that  areas  of  great  thickness  represent  areas  where  the  base  of  the 
overlying  Catskill  occurs  relatively  high  in  the  section;  in  areas  of  less  thick-  i 
ness  the  Catskill  occupies  relatively  low  positions. 

From  Plate  1 and  Figure  4,  some  generalizations  may  be  made  about 
distribution  of  the  basal  Catskill  in  space.  On  the  isopach  map  the  interval  • 
measured  is  smallest  near  the  eastern  and  southern  outcrop  margin,  and  in 
the  stratigraphic  diagram,  the  basal  Catskill  red  bed  generally  occurs  lowest 
along  the  extreme  southeastern  belt  of  exposure.  The  basal  red  bed  occurs 
at  progressively  higher  levels  toward  the  northwest.  Isopach  lines  are  widely  1 
spaced  and  irregular  in  the  central  region  of  this  study,  the  area  of  maximum 
interbedding  of  Trimmers  Rock  and  Brallier  lithologies. 
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FIGURE  4.  Isopach  map  of  the  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation. 
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Informal  Units 

Lithic  variation  in  the  Trimmers  Rock  is  monotonously  repetitious  and 
because  of  this  characteristic  very  little  was  known  prior  to  this  study  about 
the  distribution  of  rock-types  or  other  features  within  the  unit.  After  the 
sections  were  described  in  detail  the  Trimmers  Rock  was  divided  into  infor- 
mal stratigraphic  units  which  are  recognizable  over  wide  areas.  Using  this 
subdivision  variation  of  such  features  as  rock-type,  bed  thickness,  color,  and 
type  and  orientation  of  sedimentary  structures  may  be  discussed  on  a more 
precisely  defined  stratigraphic  framework  than  they  could  for  the  entire 
Trimmers  Rock. 

The  work  of  Sutton  (1960)  on  the  Upper  Devonian  of  New  York  demon- 
strates the  practicability  of  studying  shale  bodies  to  accomplish  breakdown 
of  a thick  section  into  workable  units.  For  the  purposes  of  this  study,  lithic 
correlation  utilizing  shales  proved  to  be  an  entirely  satisfactory  procedure. 
The  Trimmers  Rock  is  divided  by  nine  shale  bodies  into  ten  units  consisting 
dominantly  of  siltstone  and  sandstone  (Plate  I). 

Matching  of  units  between  sections  illustrated  in  Plate  I was  begun  by 
establishing  a datum  on  the  top  of  Shale  Unit  2.  The  only  reasonable  alter- 
native to  using  this  position  as  a base  is  to  use  the  top  of  the  Tully  Limestone; 
the  latter  horizon  is  considered  inadequate  because  the  Tully  is  not  a good 
lithic  unit  and  moreover,  is  frequently  covered  in  the  region  of  this  study. 
However,  parallelism  is  good  between  the  top  of  Shale  Unit  2 and  the  inter- 
mittently present  Tully  (Plate  I).  Homotaxial  relationships  were  used  to 
fix  this  base  in  the  eastern  sections  where  the  Trimmers  Rock  occupies  rel- 
atively low  stratigraphic  positions.  Correlation  of  shale  bodies  higher  in  the 
section  is  based  on  homotaxis  and  shale  character.  The  latter  criterion  was 
used  sparingly  because  such  characteristics  as  siltiness  and  degree  of  develop- 
ment of  fissility  could  not  be  evaluated  completely  and  objectively.  By  these 
methods  shale  units  are  defined,  their  position  in  the  section  is  determined, 
and  rock-bodies  consisting  of  more  abundant  arenaceous  strata  are  delineated 
between  each  set  of  two  bounding  shale  units. 

The  designation  of  these  units  as  Shale  Unit  3 or  Siltstone  Unit  6 is  infor- 
mal in  the  terminology  recommended  in  the  Code  of  Stratigraphic  Nomen- 
clature (1961,  Art.  4f).  Shale  and  siltstone  units  are  lithologically  defined, 
practical  units  for  use  in  stratigraphic  study  and  are  thus  established  in  agree- 
ment with  Article  4a  of  the  Code.  The  lowest  siltstone  body  above  the  Mount 
Marion  Formation  is  designated  Siltstone  Unit  1;  the  next-higher  shale  body 
is  termed  Shale  Unit  1.  Succeeding  units  are  numbered  consecutively,  and 
bifurcating  units  carry  supplementary  letter  designations.  Siltstone  Unit  5b 
is  differentiated  by  consisting  dominantly  of  subgraywacke  and  conglomer- 
atic sandstone. 

I hickness  variation  of  siltstone  units  is  shown  in  Figures  5-13.  These 
isopach  maps  are  constructed  from  the  data  of  the  measured  sections  and  the 
less  reliable  information  of  the  well-sample  descriptions. 
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Orientation  of  sole  marks  and  ripple  marks  are  summarized  on  the  isopach 
maps.  Discussion  of  the  paleogeographic  significance  of  isopachs  and  paleo- 
current  indicators  is  given  in  the  section  on  paleogeography. 

The  most  obvious  feature  of  the  isopach  maps  is  an  elongate  area  of  maxi- 
mum thickness  trending  roughly  east-northeast.  This  characteristic  is  present 
in  Siltstone  Unit  2 (Figure  6),  Unit  5 (Figure  9),  Unit  6 (Figure  10),  and 
Unit  7 (Figure  11).  The  area  of  maximum  thickness  shifts  northwest  from 
Unit  1 through  Unit  9. 

Areas  of  great  thickness  are  concentrated  along  the  southern  margin  of 
Devonian  surface  exposures.  These  for  the  most  part  display  isopachs  convex 
toward  the  northwest.  The  most  prominent  of  these  areas  centers  in  the  re- 
gion of  the  Bush  Kill  and  Port  Jervis  sections  for  Unit  1 (Figure  5)  and  Unit 
3 (Figure  7).  Another  centers  at  New  Ringgold  for  Unit  2 (Figure  6)  and 
Unit  5 (Figure  9). 

Southward  thinning  is  suggested  in  Units  6 through  9 (Figures  10-13). 
However,  this  thinning  is  a function  of  interfingering  relations  with  the  Cats- 
kill  Formation.  As  shown  on  the  figures  and  Plate  1,  the  zero  isopach  rep- 
resents complete  lateral  replacement  of  these  units  of  the  Trimmers  Rock 
by  the  Catskill  Formation. 

It  is  concluded  from  these  studies  that  individual  siltstone  units  in  the 
Trimmers  Rock  thicken  toward  the  south  and  southeast  whereas  the  entire 
Trimmers  Rock,  because  of  interfingering  with  or  lateral  replacement  by  the 
Catskill  Formation,  thins  in  the  same  directions. 


FIGURE  5.  Isopach  and  paleocurrent  map  of  Siltstone  Unit  1. 
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FIGURE  6.  Isopach  and  paleocurrent  map  of  Siltstone  Unit  2. 


FIGURE  7.  Isopach  and  paleocurrent  map  of  Siltstone  Unit  3. 
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FIGURE  8.  Isopach  and  paleocurrent  map  of  Siltstone  Unit  4. 


FIGURE  9.  Isopach  and  paleocurrent  map  of  Siltstone  Unit  5. 
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FIGURE  10.  Isopach  and  paleocurrent  map  of  Sillstone  Unit  6. 


FIGURE  1 1.  Isopach  and  paleocurrent  map  of  Silfstone  Unit  7. 
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EXPLANATION 
12  Station  number 
(220)  indicates  unit  thickness 

•• indicates  paleocurrent  direction 
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FIGURE  12.  Isopach  and  paleocurrent  map  of  Siltstone  Unit  8. 
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FIGURE  13.  Isopach  and  paleocurrent  map  of  Siltstone  Unit  9. 
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METHODS 
Lithic  Description 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation  consists 
dominantly  of  alternating  graywackes  and  shales,  attains  total  thicknesses  in 
excess  of  3500  feet,  and  is  exposed  over  several  thousand  square  miles  in  Penn- 
sylvania. The  detail  obtainable  in  a regional  study  is  consequently  largely 
controlled  by  the  time  available  for  study.  Extremely  detailed  work  involving 
measurement  in  inches  was  not  warranted  by  the  time  factor.  On  the  other 
hand,  detailed  mapping  and  preliminary  examination  of  sections  of  the  Trim- 
mers Rock  disclosed  that  not  enough  information  could  be  obtained  by  meas- 
uring sections  at  the  scale  of  hundreds  of  feet.  The  problem  was  to  find  some 
method  of  rock  description  that  could  be  properly  applied  within  a reasonable 
time. 

A nearly  complete  section  exposed  along  Routes  22  and  322  about  2 miles 
north  of  Amity  Hall  in  Perry  County  was  first  examined  in  an  effort  to  deter- 
mine the  physical  features  of  the  Trimmers  Rock  and  their  variation.  In 
this  work  it  was  discovered  that  the  obvious  lithologic  characteristics  of  the 
Trimmers  Rock  vary  in  such  a way  that  the  section  can  be  described  by  units 
of  intermediate  thickness  which  yield  a considerable  amount  of  information 
in  a relatively  short  observation-time.  Units  average  between  5 and  10  feet 
thick  for  the  sections  described  by  this  method.  These  measurement-units 
are  separate  and  distinct  from  the  informal  rock-stratigraphic  units  delineated 
on  Plate  I. 

Breaks  in  lithologic  regularity  define  the  measurement-unit;  such  breaks 
are  more  or  less  apparent  in  the  field  depending  on  such  factors  as  extent  of 
differential  weathering  and  outcrop-size,  in  addition  to  variation  of  the  litho- 
logic features  themselves.  Observed  breaks  between  units  of  differing  litho- 
logic character  are  based  on  variation  of  the  following  lithic  features,  which 
are  listed  in  approximate  order  of  usefulness: 

1.  Percentages  of  the  principal  rock-types. 

2.  Bed  thickness  of  siltstones  and  sandstones. 

3.  Color  for  all  textural  types. 

4.  Loading  or  movement  criteria. 

5.  Abundance  of  fossil-fragment  layers. 

6.  Abundance  of  cross-stratification. 

7.  Character  of  fissility  in  shale. 

8.  Grain  size  in  sandstone. 

9.  Conglomeratic  character. 

For  most  measurement-units,  the  percentage  of  the  whole  occupied  by 
graywacke  and  the  thickness  of  graywacke  beds  are  the  most  obvious  vari- 
ables. Grain-size  variability  is  difficult  to  detect  because  of  the  textural 
characteristics  of  the  graywackes  and  is  valuable  only  in  cases  of  extreme 
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jjvariation.  The  color  designations  are  useful  to  a certain  extent,  and  in  some 
Jcases  they  change  in  the  midst  of  an  otherwise  homogeneous  section.  In 
such  examples  color  change  is  utilized  to  subdivide  the  section.  Accumula- 
itions  of  depositionally  loaded  structures  and  debris  showing  evidence  of  lat- 
eral movement  are  designated  as  measurable  units  by  virtue  of  their  dis- 
tinctive character.  Graywackes  containing  layers  of  fossil  fragments  or  cross- 
stratification are  separated  from  adjacent  barren  units.  The  relative  abun- 
dance of  these  features  is  noted  and  sometimes  serves  as  the  basis  for  separ- 
ation of  units.  In  thick  shale  sequences,  the  variable  character  of  fissility  al- 
lows separation.  Locally  the  conglomeratic  texture  of  some  sandstones  makes 
them  distinct  from  adjacent  strata. 

For  the  section  descriptions  the  scale  of  measurement  was  set  on  a prac- 
tical basis.  Beds  less  than  6 inches  thick  were  not  directly  measured,  and 
all  units  were  measured  to  the  nearest  foot.  Units  thinner  than  5 feet 
were  split  out  only  if  their  boundaries  are  distinctly  marked  by  change  in 
lithologic  character.  All  shale  units  greater  than  3 feet  thick  were  noted 
as  separate  units. 

Once  the  decision  was  made  on  the  position  of  the  boundaries  for  any 
unit,  the  thickness  of  the  unit  was  determined  by  measurement  perpendicular 
to  bedding  from  top  to  base.  All  exposed  strata  were  measured  within  5 
feet  of  the  base  of  the  outcrop  except  in  irregularly  exposed  sections,  in 
which  case  change  of  location  is  noted  in  Appendix  A.  Covered  intervals 
were  traversed  with  steel  tape  and  Brunton  compass  and  thicknesses  were 
determined  from  these  data  by  the  methods  of  descriptive  geometry.  In 
one  case,  unit  86  at  Port  Jervis,  this  method  was  impractical  because  of  long 
distances  involved.  In  this  example,  covered  thickness  was  determined  by 
plotting  locations  and  attitudes  on  the  7 J- 9-minute  topographic  map  and 
solving  by  descriptive  geometry. 


Error  of  Estimation 

Relative  abundance  of  the  major  rock  types  in  the  Trimmers  Rock  is  of 
value  in  construction  of  isolith  maps  as  w'ell  as  in  lithologic  correlation. 
Abundance  of  rock  types  was  obtained  by  estimation  methods  in  this  study. 
It  is  necessary  to  evaluate  the  method  of  estimation  before  these  data  can 
be  utilized  in  isolith  maps. 

A 70-foot  section  in  Siltstone  Unit  4 at  Marysville  was  described  by  a 
series  of  estimates  at  the  beginning  of  field  work  and  again  at  the  conclusion. 
This  was  done  by  the  same  procedure  used  throughout  the  study,  that  is,  by 
1)  establishing  a measurement  unit  of  rocks  on  the  basis  of  its  contrast  with 
adjacent  strata,  2)  estimating  amounts  of  each  rock  type  present,  and  3) 
measuring  the  thickness  of  the  unit.  The  same  70  feet  was  then  measured 
to  fqj-inch  accuracy.  The  boundaries  of  each  measurement  unit  are  corre- 
lated with  the  detailed  measurements  in  Figure  14. 
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E STI  MATE  I 


DETAIL 


EST  IMATE  IE 


14.  Comparison  of  estimates  of  beds  in  measured  section  with  detailed  measurement 
; section. 
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For  the  purpose  of  quantitative  comparison  with  the  detailed  measure- 
ments, the  total  thickness  of  Type  I beds  in  the  70  feet  is  calculated  from  the 
20  estimates  made  during  each  run,  and  converted  back  into  percentage  of 
the  total  thickness.  Run  1 yields  a total  of  42.6%  Type  I and  run  2,  51.5% 
Type  I beds.  When  compared  with  the  value  obtained  from  the  detailed 
measurement,  47.7%  Type  I,  it  is  seen  that  run  1 contains  an  error  of 
— 5.1%  and  run  2 an  error  of  +3.8%,  expressed  in  terms  of  the  estimated 
percentages.  These  data  indicate  a lack  of  drift  in  operator  definitions  made 
throughout  the  study. 

To  calculate  the  standard  error  of  estimate,  the  data  obtained  during 
both  runs  might  be  used.  By  using  only  data  from  the  run  with  the  largest 
error,  determination  of  the  maximum  error  is  assured.  Therefore,  the  20 
estimates  of  run  1 are  employed  as  follows  to  calculate  the  standard  error 
of  estimate: 


SxE~ 


:(X— xE)2 
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where  X is  the  percentage  of  Type  I beds  in  a measurement-unit,  as  cal- 
culated from  the  detailed  measurements;  XE  is  the  estimated  percentage  of 
Type  I beds  in  a measurement-unit;  and  N is  the  number  of  measurement- 
units  in  the  run. 

The  standard  error  of  estimate  derived  from  these  calculations  has  a value 
of  10%.  This  means  that  the  percentage  estimates  for  the  measurement 
units  in  Appendix  A can  be  considered  to  be  accurate  within  ± 10%. 

Data  gathered  by  this  method  are  utilized  to  show  distribution  of  rock 
types  in  informal  rock-stratigraphic  units  (Figures  51-55).  The  values  which 
are  contoured  represent  the  percentage  of  the  rock  type  in  the  stratigraphic 
unit  at  the  different  localities.  These  values  are  calculated  by  determining 
the  total  thickness  of  the  rock  type  from  the  individual  measurement  units 
and  expressing  this  as  a percentage  of  the  complete  thickness  of  the  strati- 
graphic unit.  Thus,  the  values  are  similar  to  sand-shale  ratios  and  clastic 
ratios  in  sequences  consisting  of  two  lithologies.  Because  the  Trimmers 
Rock  consists  of  four  major  lithologies,  three  of  which  span  the  sand-silt 
size  boundary,  construction  of  maps  showing  variation  in  the  sand-shale 
ratio  is  not  practicable.  Isolith  maps  of  this  study  thus  show  the  geographic 
and  stratigraphic  variation  of  a single  type  of  rock  rather  than  a mixture  of 
several  types. 

The  standard  error  of  estimate  is  assumed  to  be  randomly  distributed 
through  the  network  of  observation  stations.  On  this  basis,  the  optimum 
error  of  20%  will  rarely  occur  between  two  adjacent  stations,  and  utilization 
of  10%  contours  is  justified.  For  this  rare  occasion,  however,  the  effect  will 
be  to  widen  or  narrow  the  distance  between  contours.  In  interpretation  of 
the  maps,  the  critical  feature  is  the  trend  of  the  line,  which  on  a regional 
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scale  could  only  be  effected  by  cumulative  error  and  not  significantly  by 
random  error.  On  the  other  hand  the  percentage  differences  indicated  by  the 
relative  positions  of  the  20%  and  30%  contours  for  example  are  considered 
to  be  reliable  because  of  the  nearly  complete  lack  of  “noise,”  represented  by 
small  areas  of  closed  contours. 


LITHOLOGY 

GENERAL  STATEMENT 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation  is  character- 
ized lithologically  by  shale  and  intercalated  siltstone  and  sandstone.  Shale 
is  dominant  in  all  sections  studied.  Siltstone  is  next  in  order  of  abundance 
while  sandstone  (strictly  defined)  is  not  abundant.  Three  different  types  of  j 
siltstone-sandstone  are  distinguished  on  the  basis  of  bedding  character.  Con- 
glomerate and  conglomeratic  sandstone  are  relatively  limited  in  abundance. 

SHALE 

General 

Shale  constitutes  the  bulk  of  the  Timmers  Rock  Member  of  the  Fort 
Littleton  Formation  and  is  present  as  a wide  variety  of  types.  Shale  thick- 
nesses range  from  a fraction  of  an  inch  to  several  tens  of  feet.  Toward  the 
base  of  the  Trimmers  Rock,  shale  locally  increases  in  abundance,  but  gen- 
erally the  contact  with  the  underlying  Harrell  Shale  Member  is  abrupt. 

The  physiographic  expression  of  shales  in  the  Trimmers  Rock  is  that  of  a 
low  or  eroded  area.  This  characteristic  holds  true,  with  local  exceptions,  for 
shale  units  of  any  thickness.  Shale  sections  in  excess  of  ten  feet  thick  generally 
serve  as  the  site  for  intermittent  and  perennial  streams,  and  are  consequently 
worn  low.  Thin  shale  layers  or  partings  between  coarser  grained  layers 
commonly  show  as  eroded  grooves  or  notches  in  profile. 

Recognition  of  shale  in  the  field  is  based  on  two  criteria:  1)  most  grains  not 
discernible  with  10X  hand  lens;  and  2)  presence  of  fissility. 

Texture  and  Composition 

Textures  of  shales  in  the  Trimmers  Rock  Member  of  the  Fort  Littleton  1 
Formation  were  studied  in  hand  samples  and  in  a few  thin  sections.  In  de- 
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scribing  outcrops  three  major  types  of  shale  are  distinguished  on  the  basis 
of  texture. 

The  most  common  type  of  shale  in  the  Trimmers  Rock  contains  small 
amounts  of  scattered  silt-sized  quartz.  Such  shales  have  a dull,  nongranular 
appearance  under  the  hand  lens.  A second  shale  type  is  characterized  by  a 
considerable  quantity  of  silt-sized  quartz.  This  type  is  distinguished  by  the 
vitreous  luster  imparted  to  the  rock  by  the  abundant  quartz  and  is  indicated 
in  the  measured  sections  by  the  notation  “silty  shale”.  The  rare  third  type 
of  shale  is  termed  “argillaceous”  in  Appendix  A.  Argillaceous  shale  contains 
very  little  quartz  in  the  silt-size  classes  except  within  the  fossil  burrows  which 
contain  abundant  amounts  of  this  mineral.  Generally,  argillaceous  shales 
weather  light  yellowish  brown  (10  YR  6/6-5  Y 7/6)  and  yield  a clay-rich 
soil. 

The  most  obvious  textural  feature  of  shales  in  the  Trimmers  Rock  is  the 
presence  of  both  a matrix  and  a framework  fraction.  In  this  regard,  shales 
are  textural  counterparts  of  siltstones  in  the  Trimmers  Rock,  with  the  ex- 
ception, of  course,  that  shale  is  finer  grained. 

The  term  “framework  fraction”,  as  originally  used  by  Nanz  (1954,  p.  106- 
108)  and  as  now  commonly  utilized,  is  a textural  term  applied  to  the  detrital 
sand-sized  material  of  a sandstone.  As  used  in  this  paper,  framework  fraction 
is  extended  to  include  all  coarse  material  in  rocks  with  bimodal  size  distri- 
butions. Extension  of  the  definition  is  necessary  because  of  the  complete 
textural  gradations  between  sandstones  and  siltstones  and  siltstones  and  silty 
shales.  The  prominent  fine-grained  interstitial  aggregate  of  quartz,  mus- 
covite, chlorite,  and  sericite  in  Trimmers  Rock  graywackes  is  here  termed 
matrix. 

Shales  of  the  Trimmers  Rock  consist  of  a dominant  matrix  (60-95%)  and 
a subordinate  framework  of  silt-sized  grains.  The  framework  fraction  of 
shales  consists  principally  of  quartz.  Other  framework  minerals  include  de- 
trital ziron,  hematite,  and  feldspar,  all  not  abundant.  Euhedral  crystals  of 
pyrite,  on  the  order  of  one  micron  diameter,  are  abundant  and  apparently 
authigenic. 

As  noted,  most  shales  of  the  Trimmers  Rock  are  dominantly  matrix  and 
scattered  grains,  but  numerous  layers  of  concentrated  silt  grains  occur.  The 
latter  range  in  thickness  from  a single  lamina  of  silt  grains  to  units  about  one 
inch  thick.  Discussion  here  is  restricted  to  laminae  (less  than  2 mm  thick). 
Laminae  are  composed  almost  entirely  of  silt-sized  quartz  with  subordinate 
opaque  minerals.  Quartz  grains  in  laminae  average  about  the  same  size  as 
quartz  grains  outside  laminae.  If  laminae  are  abundant,  at  least  1 2 mm  thick, 
and  laterally  persistent,  they  are  distinguishable  in  hand  specimen,  and  the 
rock  is  termed  laminated  shale.  More  commonly,  laminae  are  thin,  widely 
spaced,  and  discontinuous;  such  rocks  are  referred  to  as  silty  shale. 
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Fissility 


Structure 


Fissility  in  shales  of  the  Trimmers  Rock  is  variable  from  unit  to  unit.  In 
the  measured  sections  (Appendix  A)  degree  of  fissility  is  recorded  by  number 
as  1,  2,  or  3.  Shales  of  fissility  designation  1 display  well-developed,  or  good, 
fissility.  Good  fissility  is  a field  term  applied  to  those  shales  which  display 
abundant,  closely  spaced,  and  continuous  fissility  throughout  the  outcrop.  . 
A large  majority  of  the  Trimmers  Rock  shales  have  good  fissility.  Shales  of 
fissility  designation  3 possess  poor  fissility.  The  term  is  applied  to  shale  units 
in  which  planes  of  fissility  are  sporadic  and  irregular  in  distribution.  Fissility 
designation  2 applies  to  fissility  which  is  faily  well-developed;  this  designation 
is  obviously  quite  subjective  and  arbitrary. 

Combinations  of  cleavages,  joints,  and  planes  of  fissility  in  various  stages 
of  development  result  in  distinctive  types  of  shales.  Very  closely  spaced  planes 
of  fissility  in  compact  shales  with  little  jointing  or  cleavage  causes  weathering 
to  large  (l"-9")  sheets.  Such  shales  are  termed  paper  shale.  Typically  fissile 
shale  thoroughly  broken  by  cleavage  disintegrates  to  prismatic  fragments 
with  the  longest  dimension  parallel  to  fissility  and  cleavage.  Because  the  long 
dimension  is  frequently  at  least  10  times  the  magnitude  of  the  other  dimen- 
sions the  fragments  resemble  rude  pencils  and  the  shale  is  termed  pencil 
shale. 
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Snowball  Structure 


Another  common  feature  of  the  shales  of  the  Trimmers  Rock  is  the  concen- 
tration of  curved  splitting  surfaces  into  ellipsoidal  cells  (Figure  15)  here  re- 
ferred to  as  snowball  structure.  The  external  form  of  snowball  structure  is 
apparently  caused  by  mechanical  disintegration  of  fine-grained  mudstone 
containing  ellipsoidal  “cells”  of  discontinuous  splitting  surfaces  which  appear 
to  spiral  inward.  At  the  outer  margin,  the  cell  exhibits  a variety  of 
terminations,  but  generally  the  outermost  splitting  surface  dies  out  in  nor- 
mally fissile  shale.  Internally,  slightly  staggered  splitting  surfaces  gyrate  in- 
ward and  terminate  irregularly  against  a nonfissile  core  in  diameter. 

Some  cells  transect  one  another  but  more  commonly  they  lie  in  ordered  rows 
parallel  to  bedding.  Most  cells  have  an  ellipsoidal  form,  and  sections  through 
them  therefore  display  all  shapes  from  nearly  perfectly  circular  to  highly 
eccentric  elliptical.  The  longest  dimension  of  the  ellipsoid  usually  lies  very 
nearly  parallel  to  adjacent  bedding  planes.  Individual  snowballs  are  usually 
\'-2'  in  diameter;  the  largest  observed  in  the  Trimmers  Rock  measured  7'6". 

Snowball  structure  occurs  most  abundantly  in  nonsilty  shale  units  having 
a thickness  of  more  than  about  one  foot.  In  thick  shale  sections  the  structure 
is  common,  particularly  in  the  region  of  sparse  outcrops  of  the  Trimmers 
Rock  in  south-central  Pennsylvania. 
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FIGURE  15.  Snowball  structure  in  homogeneous  shale  of  the  Trimmers  Rock  one  mile  west  of 
Port  Trevorton,  Snyder  County,  Pennsylvania.  Hammer  and  pocket  knife  for  scale. 


Grains  could  not  be  distinguished  with  the  hand  lens  in  shales  showing 
snowball  structure.  In  hand  specimen  the  material  is  very  compact,  and 
homogeneity  is  suggested  by  lack  of  primary  structure  and  lack  of  color 
variation.  When  struck  with  a hammer,  snowball  fragments  break  evenly 
along  gently  curved  surfaces. 

Splitting  surfaces  in  snowball  structure  of  the  Trimmers  Rock  are  of  the 
same  general  character  as  planes  of  fissility . The  two  structures  differ  in 
that  planes  of  fissility  are  planar  and  subparallel  to  bedding  whereas  splitting 
surfaces  are  not  necessarily  planar  and  do  not  parallel  stratification.  Addi- 
tionally, fissile  shales  are  commonly  stratified  whereas  snowball  shales  are 
apparently  homogeneous.  Two  hypotheses  are  therefore  suggested:  1)  de- 
velopment of  fissility  is  advanced  by  the  presence  of  stratification;  and  2) 
arcuate  splitting  surfaces  develop  in  homogeneous  fine-grained  material. 
The  first  hypothesis  is  in  substantial  agreement  with  Ingram  (1953,  p.  877) 
and  Pettijohn  (1957,  p.  351).  The  apparent  homogeneity  of  the  shale  in 
snowball  structure  is  perhaps  related  to  mixing  by  organisms,  as  discussed 
later. 
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SILTSTONE  AND  SANDSTONE 

Coarse-grained  conglomeratic  sandstones  compose  the  coarsest  deposits 
of  the  Trimmers  Rock,  but  they  are  comparatively  rare.  The  finer  grained 
deposits  of  the  Trimmers  Rock  are  represented  by  a continuous  series  from 
fine-grained  sandstone  to  shale,  and  these  rocks  constitute  the  bulk  of  the 
unit. 

Siltstone  and  sandstone  are  described  together  because  a large  majority 
of  the  beds  which  contain  silt-sized  or  coarser  grains  show  a range  in  grain- 
size  from  fine  silt  to  medium  sand.  Mean  size  also  varies  within  individual 
beds  so  that  a bed  may  actually  be  medium-grained  sandstone  at  the  base 
and  fine-grained  siltstone  at  the  top. 

Texture  and  Composition 

General 

Texture  and  composition  of  siltstones  and  sandstones  in  the  Trimmers 
Rock  Member  of  the  Fort  Littleton  Formation  were  studied  in  hand  samples 
and  22  thin  sections.  Most  consist  of  a disrupted  framework  of  quartz  grains 
in  a matrix  of  fine-grained  chlorite,  sericite,  muscovite,  and  quartz  con- 
stituting 20-60%  of  the  rock.  Quartz  makes  up  about  90%  of  the  frame- 
work and  total  quartz  content  of  these  rocks  is  estimated  at  40-50%.  Neither 
rock  fragments  nor  feldspar  attain  5%  concentration  in  any  of  the  thin  sec- 
tions. Rocks  of  this  description  fall  into  the  classification  of  graywacke 
(Pettijohn,  1957,  p.  291).  The  unqualified  term  used  in  the  sense  of 
Pettijohn  satisfies  the  rock  description  without  the  necessity  of  resorting 
to  the  term  quartz  graywacke  as  recommended  by  Williams  and  others 
(1955,  p.  294). 

Near  the  top  of  the  Trimmers  Rock,  sandstone  associated  with  conglom- 
erate displays  a different  texture.  Individual  framework  grains  are  in  con- 
tact, and  matrix  material  is  present  only  interstitially,  in  amounts  generally 
less  than  10%.  Average  quartz  content  is  estimated  at  60-70%,  and  rock 
fragments  are  more  abundant  than  feldspar.  Rocks  of  this  description  fall 
in  the  classification  of  subgraywacke  (Pettijohn,  1957,  p.  291). 

Matrix 

The  most  obvious  textural  feature  of  graywackes  in  the  Trimmers  Rock 
is  the  well-developed  clay-sized  matrix.  In  some  thin  sections,  matrix 
minerals  constitute  as  much  as  50%  of  the  rock,  but  about  35%  seems  to  be 
average.  In  all  thin  sections  examined,  fine  micas  are  the  dominant  min- 
erals of  the  matrix,  and  chlorite,  although  abundant,  is  subordinate.  Sericite 
and  muscovite  are  the  most  common  matrix  minerals  and  are  usually 
present  in  approximately  equal  amounts.  Variation  in  chlorite  content 
ranges  from  about  10%  to  a rare  40%  of  the  matrix. 
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Matrix  minerals  frequently  are  seen  to  penetrate  the  margins  of  frame- 
work quartz  grains.  This  is  most  obvious  as  vague  splotches  a few  microns 
in  diameter  of  highly  birefringent  material  in  re-entrants  along  quartz  grain 
margins.  In  places  where  penetration  is  extreme,  quartz  grains  have  very 
irregular  outlines.  Extreme  penetration,  however,  is  rare,  and  the  affected 
grains  are  always  in  close  proximity  to  nonpenetrated  grains  or  to  grains 
which  are  penetrated  only  slightly  by  matrix.  There  is  little  doubt  that 
penetration  represents  secondary  replacement  of  quartz  by  matrix. 

Cement 

Carbonate  cement  is  present  as  irregular  splotches  ranging  in  size  from 
.02  to  .5  mm.  Locally,  thin  veinlets  of  carbonate  are  seen  to  cross-cut  matrix 
and  framework  grains  in  thin  section.  The  strongest  concentration  of  car- 
bonate observed  is  less  than  3%  of  the  rock.  Precise  identification  of  the 
carbonate  minerals  could  not  be  made  in  thin  section,  but  a few  beds  effer- 
vesce slightly  with  dilute  HC1  suggesting  that  calcite  is  the  dominant  car- 
bonate. Iron  oxides  are  also  important  cementing  agents. 

Framework 

Most  quartz  grains  of  the  framework  are  angular  to  sub-angular,  some 
angularity  resulting  from  embayment  by  matrix  minerals.  Grains  of  plagio- 
clase  are  generally  sub-angular,  and  mean  size  is  approximately  the  same 
as  for  quartz  grains  (Appendix  C).  Replacement  of  plagioclase  by  matrix 
or  other  materials  was  not  observed;  boundaries  of  plagioclase  with  other 
minerals  are  sharp  and  regular.  Potassium  feldspars  are  generally  more 
rounded  than  either  plagioclase  or  quartz,  in  the  range  sub-angular  to 
sub-rounded. 

Commonly,  siltstone  and  sandstone  of  the  Trimmers  Rock  contain  frag- 
ments of  previously  consolidated  shale.  These  fragments  are  identical  in 
thin  section  to  the  shales  of  the  Trimmers  Rock.  In  some  cases  they  occur 
as  swarms  near  the  top  of  the  bed,  but  generally  they  are  isolated  at  various 
positions  within  the  bed  (Figure  16).  As  seen  in  two  dimensions,  shale  frag- 
ments range  in  size  from  a fraction  of  an  inch  to  several  inches  long  and  less 
than  an  inch  wide.  Most  shale  fragments  are  irregular  and  angular  in  out- 
line, and  the  contact  with  enclosing  siltstone  is  vaguely  defined.  The  slightly 
darker  gray  shale  fades  into  the  surrounding  lighter  gray  of  the  graywacke. 
Extremities  of  the  fragment,  if  it  is  an  extended  one,  may  be  bent  and  con- 
torted. In  thin  section,  many  elongate  shale  fragments  can  be  distinguished 
from  animal  burrows  only  with  difficulty. 

Recognizable  heavy  minerals  in  the  graywackes  of  the  Trimmers  Rock 
include  hematite,  zircon,  garnet,  tourmaline,  apatite,  and  pyrite.  Hematite 
is  by  far  the  most  abundant  heavy  mineral,  making  up  more  than  half  of 


32 


DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


il 

11 

k 

in 

k 


\ 

I Foot 


i 1 

3 inches 


i i 

6 inches 


FIGURE  16. 


Occurrences  of  shale  fragments  in  graywacke. 
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these  minerals.  Hematite  occurs  in  three  forms:  1)  dark-red-brown  irregu- 
lar grains;  2)  light-red-brown  to  yellow-brown  stains  spreading  outward 
from  the  irregular  grains;  3)  well-rounded  blood-red  grains. 

Zircon  is  the  next  most  abundant  heavy  mineral  and  is  generally  present 
in  well-rounded  form.  Zircon  does  not  exceed  10%  concentration  of  the 
heavy  minerals.  Garnet,  tourmaline,  and  apatite  are  rare.  Authigenic 
pyrite  is  present  as  abundant  but  very  small  euhedral  crystals.  Because  of 
their  relatively  small  size,  pyrites  do  not  constitute  more  than  2%  of  heavy 
minerals. 

Subgraywackes  of  the  Trimmers  Rock  are  generally  coarser  grained  than 
graywackes;  most  are  termed  sandstone  because  their  modal  size-class  clearly 
falls  in  the  sand-size  range.  The  matrix  constitutes  5-15%  of  the  rock,  and 
matrix  minerals  are  identical  to  those  of  the  graywackes.  With  the  increase 
in  grain-size  in  subgraywackes,  there  is  a corresponding  increase  in  rounding 
of  grains  which  is  quite  marked.  In  medium-grained  subgraywackes,  for 
example,  framework  grains  are  sub-rounded  to  well-rounded.  Rock  frag- 
ments make  up  5-10%  of  the  framework  in  subgraywackes.  Feldspar  con- 
tent averages  about  10%,  comparable  to  feldspar  percentages  in  the  gray- 
wackes. Abundant  pyrite  in  minute  disseminated  crystals  is  a common 
characteristic  of  subgraywackes. 


Structure 

General 

Primary  structures  in  the  siltstones  and  sandstones  of  the  Trimmers  Rock 
are  abundant,  varied,  and  unusual;  these  characteristics  of  the  unit  first 
attracted  the  attention  of  the  writer.  Structures  of  the  more  common  form, 
i.e.  bedding,  are  very  significant  because  their  study  provides  a basis  for 
dividing  the  Trimmers  Rock  into  informal  rock  units  and  for  determining 
certain  aspects  of  paleo-environment  and  paleogeography.  Structures  which 
yield  evidence  bearing  on  the  paleocurrent  system  are  also  very  useful  for 
interpreting  paleogeography. 

Generally,  siltstone,  siltstone-sandstone,  and  fine-grained  sandstone  of 
the  Trimmers  Rock  display  three  types  of  bedding.  The  three  are  referred 
to  in  this  paper  as:  Type  I beds,  having  a discrete  top  and  base;  Type  II 
beds,  having  a discrete  base  and  a top  gradational  into  shale;  Type  III  beds, 
less  than  one  inch  thick  and  having  a discrete  top  and  base.  Differentiation 
of  Type  I and  Type  III  beds  is  based  on  thickness;  at  thicknesses  less  than 
one  inch  siltstone  beds  are  recognized  with  difficulty  and  where  observed 
such  thin  layers  are  designated  Type  III.  Beds  of  Type  I bedding  character 
constitute  the  bulk  of  the  nonshaley  portion  of  the  Trimmers  Rock  through- 
out the  region  studied.  Types  II  and  III  are  less  common  and  are  restricted 
geographically. 
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No  mineralogical  difference  between  Types  I and  II  was  detected,  but 
Type  I beds  are  generally  coarser  grained.  Sandstones  are  common  in 
Type  I beds  whereas  Type  II  beds  are  all  siltstones.  Type  III  beds  are 
mineralogically  similar  to  Type  I strata. 


Type  I Bedding 

Type  I beds  typify  the  Trimmers  Rock  Member  of  the  Fort  Littleton 
Formation  (Figures  17  and  18).  These  very  hard  graywackes  and  subgray  - 
wackes  display  an  apparently  random  distribution  through  the  dominant 
bulk  of  the  shales.  In  places,  they  succeed  one  another  without  intervening 
shale  while  in  other  parts  of  the  section  Type  I beds  are  separated  by  shale 
units  tens  of  feet  thick.  Type  I beds  are  more  resistant  to  weathering  than 
shales  and  commonly  form  ledges  and  lips  on  the  outcrop. 

The  most  diagnostic  characteristic  of  the  Type  I bed  is  that  the  inter- 
section of  both  top  and  bottom  planes  with  shale  is  very  sharp  and  regular. 
There  is  some  variation  in  the  extent  to  which  Type  I beds  are  planar; 
however,  most  exhibit  remarkably  planar  contacts  for  long  distances  in 
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FIGURE  17.  Type  I beds  showing  planar  contacts  at  top  and  base  and  intercalated  shales 
exposed  in  roadcut  at  Huntingdon,  Huntingdon  County,  Pennsylvania.  Hammer  for  scale. 
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outcrop.  Type  I beds  range  in  thickness  from  the  arbitrary  lower  limit 
of  one  inch  to  six  feet,  the  maximum  observed.  Although  many  Type  I 
beds  are  graded  in  thin  section  most  appear  massive  or  structureless. 

For  Type  I beds,  characteristics  which  are  very  common  but  not  neces- 
sarily diagnostic  include  well-developed  joint  surfaces  and  distinctive 
weathered  colors.  Two  joint  systems,  generally  at  about  110°  to  one  another 
and  perpendicular  to  bedding,  frequently  cause  Type  I beds  to  weather  to 
blocks  of  thickness  equal  to  bed  thickness  and  2-6"  in  the  other  two  dimen- 
sions. Talus  fragments  of  Type  I beds  have  nearly  square  corners.  A 
distinctive  yellowish  color  (range  10  YR  8 6-10  YR  6 6)  is  very  com- 
monly developed  on  Type  I beds,  sometimes  in  the  form  of  liesegang  banding. 

Locally,  Type  I strata  have  nonplanar  contacts  with  shale  and  other 
rock  tvpes.  The  most  common  type  of  nonplanar  base  is  that  of  bulbous  or 
rounded  protrusions  into  underlying  shale  or  siltstone.  Type  I beds  fre- 
quently wedge  out  within  an  exposure,  often  in  association  with  such  pro- 
trusions. LTpper  contacts  of  Type  I beds  also  display  irregularity,  and  in 
the  majority  of  instances  these  nonplanar  surfaces  are  associated  with  in- 
ternal cross-lamination. 


FIGURE  1 8.  Type  I beds  and  intercalated  shales  exposed  in  roadcut  at  Girtys  Notch,  Perry 
County,  Pennsylvania.  Siltstone  Unit  3.  Hammer  for  scale. 
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Type  II  Bedding 

The  Type  II  bed  is  the  characteristic  rock  type  of  the  Brallier  Member 
of  the  Fort  Littleton  Formation  and  a common  constituent  of  the  Trimmers 
Rock  Member  in  central  Pennsylvania.  In  this  bedding  type  the  base  is 
sharp  and  planar  but  the  top  is  visibly  transitional  into  shale  above  (Figures 
19  and  20).  Some  Type  II  beds  appear  to  be  superimposed  directly  on 
other  Type  II  strata,  but  close  examination  reveals  the  presence  of  fissility 
in  the  topmost  portion  of  the  subjacent  bed. 

Cleavage  is  developed  in  the  upper  portion  of  many  Type  II  beds.  Cleav- 
age planes  are  usually  oriented  parallel  to  the  strike  of  the  strata  and  display 
a constant  dip  at  some  angle  to  the  bedding. 

Type  II  beds  are  graywackes  with  the  modal  size-class  always  in  the  silt 
range;  laminae  in  Type  II  beds  also  consist  of  silt-sized  grains.  The  internal 
structure  of  Type  II  beds  is  massive  and  graded;  in  western  Pennsylvania, 
however,  some  Type  II  beds  show  well-developed  current-laminae, 
which  grade  upward  from  the  highest  lamina  into  the  overlying  shale. 


FIGURE  19.  Type  II  beds  showing  distinctive  fissility  and  poorly  defined  contacts.  In  roadcut 
2 miles  north  of  Liverpool,  Perry  County,  Pennsylvania.  Silfstone  Unit  3 in  Liverpool  section.  Hammer 
for  scale. 
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FIGURE  20.  Type  II  beds  in  roadcut  at  Girtys  Notch,  Perry  County,  Pennsylvania.  Siltstone  Unit  5. 
Ten-cent  coin  for  scale. 

Type  III  Bedding 

Most  bedding  units  denoted  as  Type  III  are  merely  thin  lithic  equivalents 
of  Type  I beds.  At  thicknesses  less  than  about  one  inch,  however,  these 
strata  do  not  weather  into  relief  as  do  thicker  beds  and  are  therefore  not 
always  distinguishable  from  enclosing  shales.  Type  III  beds  are  probably 
lateral  equivalents  of  both  Type  I strata  and  of  silty  laminae  in  shales. 

In  thin  beds  with  distinct  boundaries,  variation  of  mineralogy  and  grain 
size  seems  to  be  greater  than  in  Type  I beds,  and  for  purposes  of  simplifica- 
tion all  such  diverse  strata  are  included  under  Type  III.  The  framework 
of  most  Type  III  beds  consists  of  medium-silt  to  fine-sand,  but  a few  layers 
noted  in  Appendix  A consist  of  coarser  material.  At  Shamokin  Dam  a few 
Type  III  beds  are  very  coarse  sand;  some  contain  granules  of  white  vein 
quartz.  An  unusual  light-red-brown  color  suggests  that  other  Type  III 
siltstones  differ  mineralogically  but  this  possibility  cannot  be  evaluated  with- 
out considerable  petrologic  study. 

Because  of  their  comparatively  small  thicknesses  and  wide  spacing,  Type 
III  strata  seldom  constitute  an  appreciable  percentage  of  the  section  meas- 
ured. For  this  reason  Type  III  beds  are  not  considered  a prominent  char- 
acteristic of  the  Trimmers  Rock. 
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Description  of  Cross  Stratification 

The  only  internal  structure  readily  discernible  in  most  graywackes  of  the 
Trimmers  Rock  is  preferred  orientation  of  the  platy  matrix  minerals  seen  in 
thin  section.  Infrequently,  however,  horizontal  laminae  are  developed 
throughout  the  thickness  of  the  bed,  or  more  commonly,  in  the  upper  half  of 
the  bed.  Slightly  higher  in  these  latter  beds,  cross  laminae  may  be  present. 
Laminae  are  spaced  at  intervals  from  less  than  a millimeter  to  about  3 milli- 
meters in  both  types.  Cross  laminae  are  inclined  to  the  plane  of  the  bed  by 
as  much  as  30°  and  are  usually  truncated  by  set  boundaries  (Figures  21  and 

22) .  The  curved  cross  lamina  is  by  far  the  most  common  feature  of  the  coset 
(McKee  and  Weir,  1953,  p.  382).  Sets  vary  in  thickness  from  about  a milli- 
meter to  two  centimeters,  averaging  about  half  a centimeter. 

In  vertical  section  most  cross  laminae  of  the  Trimmers  Rock  are  gently 
concave  upward.  Sections  parallel  to  the  bed  reveal  that  sets  are  also  curved 
in  plan  view.  It  is  difficult  to  determine  the  geometry  of  the  internal  struc- 
ture without  complete  dissection  of  the  cross-laminated  bed,  and  this  pro- 
cedure is  not  practical  in  the  field.  For  this  reason  orientation  of  cross  lamina 
was  not  measured  for  the  purpose  of  determining  current  direction. 

The  geometry  of  the  internal  structure  may  be  deduced,  however,  from 
the  external  form  as  revealed  on  sandstone  and  siltstone  beds.  The  surfaces 
of  many  beds  display  ripple  marks  (Figures  23  and  24)  although  preservation 
is  generally  poor,  and  the  top  surfaces  of  graywackes  are  seldom  exposed  for 
an  area  larger  than  a few  square  feet.  Ripple-marked  soles  occur  in  the  Trim- 
mers Rock;  this  seldom-noted  structure  is  developed  in  the  subjacent  bed, 
which  may  be  sandstone,  siltstone,  or  rarely,  shale  (Figure  26.)  Quite  com- 
monly the  graywacke  bed  is  laminated  in  outcrop;  by  exposing  the  top  of  the 
bed,  it  is  sometimes  possible  to  relate  internal  cross-lamination  to  the  external 
form,  ripple  mark. 

In  plan  view,  ripple  marks  are  either  continuous  linear  features  (Figure 

23)  or  they  are  discontinuous  linear  features  broken  into  a dimpled  pattern 
by  a series  of  low  saddles  in  the  troughs  (Figure  24).  Saddles  are  somewhat 
irregular  in  their  spacing,  but  most  commonly  spacing  is  approximately 
twice  the  wave  length.  Each  saddle  is  limited  to  the  area  between  two  ad- 
jacent ripple  crests.  Individual  segments  of  the  discontinuous  trough  there- 
fore have  a scoop-like  shape,  the  lowest  portion  being  intermediate  between 
two  saddles.  Viewed  longitudinally,  discontinuous  ripple  marks  display 
marked  linearity,  the  interrupted  scoops  occupying  the  ripple  trough. 

In  order  to  determine  the  relationships  between  discontinuous  ripple  mark 
and  cross  laminae,  a rippled  Type  I bed  was  dissected.  Structure  of  the  bed 
is  shown  in  Figures  21  and  22.  The  bed  examined  is  3 inches  thick  and  shows 
laminae  consisting  of  alternating  light,  quartz-rich  layers  and  dark,  clay-rich 
layers.  The  laminae  are  typically  grouped  by  similar  orientation  into  sets, 
which  are  bounded  by  planar  or  curved  surfaces.  In  the  bed  examined,  18  sets 
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of  laminae  are  distinguished,  and  their  bounding  surfaces  are  delineated  by 
heavy  lines  in  the  figures.  Figure  22B  shows  the  rippled  form  of  the  bed  top. 

Many  laminae  approach  parallelism  to  the  slightly  inclined  bounding 
surface  at  the  base  of  the  set.  Inclination  decreases  upward  so  that  the  young- 
est laminae  of  the  set  are  usually  almost  horizontal.  In  many  cases,  laminae 
occur  in  the  form  of  climbing  ripples  (sets  1,  3,  4,  5,  14,  15).  The  top  bounding 
surface  abruptly  truncates  laminae  of  the  set  in  every  example.  Accordingly, 
the  top  bounding  surface  is  erosional  in  origin.  The  pattern  of  erosion  is 
indicated  by  the  configuration  of  the  set  boundary  on  the  cut  surfaces. 

Set  1 is  truncated  at  the  top  by  a moderately  irregular  surface  which  appears 
to  be  rippled  (Figures  21  A,  C).  The  structure  is  similar  in  form  and  orienta- 
tion to  the  ripples  on  the  top  of  the  bed  (Figure  22).  Laminae  beneath  this 
boundary  are  essentially  horizontal  and  discontinuous  and  do  not  conform 
to  the  rippled  shape  of  the  bounding  surface.  The  same  relationships  are  seen 
at  the  top  of  sets  3 (Figure  21C),  7,  12,  14,  and  16.  Other  sets  are  cut  off  at 
the  top  by  smooth,  curved  surfaces  which  may  be  portions  of  a ripple-marked 
surface.  Three  sets  (4,  5,  and  15)  are  cut  by  bounding  surfaces  which  are 
nearly  parallel  to  laminae  in  the  underlying  set. 

The  curved  set  boundaries  are  also  revealed  on  the  horizontal  surface  of 
Figure  21B.  Sets  9 and  10  were  deposited  in  shallow  scoop-like,  erosional 
depressions  aligned  parallel  to  ripple  marks  on  the  bed  top.  Other  forms 
occur  in  sets  1,  2,  4,  5,  and  6 (Figure  21 C).  These  structures  are  considered 
to  represent  the  basic  unit  in  the  formation  of  discontinuous  ripple  mark. 
Every  set  shown  might  be  considered  to  display  the  following  form:  1)  on 
horizontal  surfaces,  contacts  between  sets  tend  to  be  parallel  to  ripple  mark; 
2)  on  surfaces  cut  normal  to  ripple  mark,  set  boundaries  are  rippled,  irregular, 
and  discordant;  and  3)  on  surfaces  cut  parallel  to  ripple  mark,  set  boundaries 
are  nearly  planar,  and  laminae  are  inclined  only  slightly  to  the  horizontal. 

Interpretation  of  Cross  Stratification 

The  formation  of  a set  began  with  erosion  of  the  soft  sediment  of  the  under- 
lying set,  resulting  in  a scooped  trough  aligned  normal  to  the  direction  of 
flow.  Into  these  relatively  low  areas  the  current  deposited  the  inclined  lam- 
inae of  the  set  by  building  forward  in  the  direction  of  flow.  The  youngest 
laminae  were  laid  down  in  the  form  of  ripples  which  were  no  longer  controlled 
by  the  configuration  of  the  scooped  base  (set  14).  These  erosional  scoop-areas, 
corresponding  to  interrupted  ripple  troughs,  were  bounded  at  either  end  by 
noneroded,  relatively  high  areas  represented  by  saddles  of  discontinuous 
ripple  mark. 

Type  I beds  with  cross  laminae  are  generally  quite  constant  in  thickness 
through  long  exposures,  in  contrast  to  the  marked  lenticularity  of  sets  in  detail. 
This  suggests  that  overall  build-up  of  the  bed  resulted  from  sedimentation 
out  of  the  current  and  that  redeposition  of  eroded  material  from  one  set  to 


40 


DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


FIGURE  21.  Sections  through  discontinuous  ripple  marks. 
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approx.  I Inch 


FIGURE  22.  Sections  through  discontinuous  ripple  marks. 
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FIGURE  23.  Ripple  marks  of  small  amplitude  exposed  on  a bedding  surface  in  Siltstone  Unit  3 
at  Millrift,  Pike  County,  Pennsylvania.  Port  Jervis  section.  Pencil  for  scale. 


another  was  a minor  process.  The  fact  that  the  largest  grains  in  the  coarser 
laminae  are  medium-silt  to  very  fine-grained  sand  indicates  that  additional 
sediment  might  have  been  made  constantly  available  by  settling  from  sus- 
pension; the  ripple-blanketing  nature  of  set  18  provides  strong  support  for 
this  idea. 

The  formation  of  cross  stratification  has  been  related  to  migration  of  ripple 
marks  by  Sorby  (1859)  and  elaborated  on  more  recently  by  McKee  (1938), 
Niehoff  (1958)  and  Allen  (1963).  For  the  simple  case  of  continuous  ripple 
mark,  Sorby  (p.  141-144)  postulated  formation  of  inclined  laminae  from 
building-forward  of  lee-side  laminae  of  ripple  mark.  Allen  (p.  204-209)  in- 
vestigated the  effects  of  deposition  from  suspension  concurrent  with  ripple 
migration  to  explain  the  overall  build-up  of  the  cross-stratified  bed.  The 
more  varied  and  complex  cross  laminae  deposited  in  erosional  scoops  were 
attributed  by  Allen  (p.  215-217)  to  migration  of  linguoid  ripple  marks  with 
or  without  simultaneous  deposition  from  suspension.  Niehoff  (p.  266) 
arrived  at  a similar  conclusion  from  analysis  of  the  internal  structure  of  bed^ 
in  the  Koblenz  Quartzite. 
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FIGURE  24.  Discontinuous  ripple  marks  exposed  on  a bedding  surface  in  Siltstone  Unit  3 near 
Millrift,  Pike  County,  Pennsylvania.  Port  Jervis  section.  Note  saddles  separating  scoop-shaped 
depressions  in  the  ripple  troughs.  Hammer  for  scale. 


The  external  form  of  discontinuous  ripple  mark  is  similar  but  not  identical 
to  various  forms  termed  interference  ripple  mark  (Kindle,  1917,  p.  34; 
Twenhofel,  1926,  p.  473;  Shrock,  1948,  p.  117).  Discontinuous  ripple  mark 
differs  significantly  from  linguoid  ripple  mark  (Allen,  1963,  p.  214)  in  that 
crests  are  linear  and  rarely  broken.  The  internal  structure  of  discontinuous 
ripple  mark  is  similar  to  that  of  festoon  cross-bedding  as  described  by  Knight 
(1929,  p.  56)  and  Pettijohn  (1957,  p.  169-170).  The  most  critical  difference 
between  cross  laminae  in  scoops  of  the  Trimmers  Rock  and  festoon  cross- 
bedding is  that  Trimmers  Rock  beds  display  ripple  crests  in  sections  normal 
to  scoops,  and  also  on  bed  tops.  The  scale  of  structures  is  also  markedly 
different  in  that  sets  in  the  Trimmers  Rock  average  less  than  one  inch  thick, 
whereas  sets  in  festoon  cross-bedding  are  commonly  on  the  order  of  ten  feet 
thick. 

The  scoop-shaped  sets  in  discontinuous  ripple  mark  originated  by  erosion 
of  underlying  sets;  the  question  of  most  importance  is  whether  erosive  cur- 
rents operated  normal  to  or  parallel  to  the  scoops.  Both  the  internal  and 
external  structure  support  the  contention  that  the  current  flowed  normal  to 
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the  scoops.  This  interpretation  differs  from  that  applied  to  scoops  in  festoons 
and  those  formed  by  migration  of  linguoid  ripple  marks,  in  which  the  current 
is  thought  to  have  flowed  parallel  to  the  scoop. 

The  structures  observed  on  sections  parallel  to  the  base  of  the  bed  are 
similar  to  those  described  by  Hamblin  (1961)  and  termed  micro-cross- 
lamination and  to  rib-and-furrow  structure  (Stokes,  1953,  p.  17).  The  con- 
clusion that  the  current  flowed  parallel  to  the  axis  of  the  structure  is  ques- 
tionable because  in  some  areas  rib-and-furrow  is  oriented  parallel  to  ripple 
mark  (Picard  and  High,  1964,  p.  30-31). 

A total  of  226  ripple  marks,  including  14  discontinuous  ripples,  were 
measured  in  the  course  of  this  study.  Ripple  mark  was  measured  only  when 
three  or  more  crests  were  visibly  parallel.  Measurements  included  orienta- 
tion, wave  length,  and  amplitude  (Appendix  B).  Mean  wave  length  for 
all  ripples  measured  is  4.15  inches  with  standard  deviation  1.03  inches. 
Mean  amplitude  is  .57  inches  and  amplitude  standard  deviation  .26  inches. 
The  average  ripple  index  for  these  observations  is  7.28.  Ripple  mark  wave 
length  and  amplitude  are  correlated  positively  with  r = .577,  which  is  signifi- 
cant at  the  .1%  level  (Table  1). 

In  a very  few  instances,  cross-laminae  are  associated  with  convolute 
bedding  (Kuenen,  1953,  p.  1056)  near  the  top  of  Types  I and  II  beds. 
Typically,  troughs  in  convolute  bedding  are  flat-bottomed  and  expanded 
while  crests  are  peaked  and  inclined.  Inclination  of  crestal  planes,  however, 
is  not  consistently  in  one  direction  for  a single  outcrop.  The  formation  of 
convolute  bedding  is  possibly  related  to  contemporaneous  current  drag  and 
gravity-loading  of  ripple  troughs  as  suggested  by  Kuenen  (1953,  p.  1057). 
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TABLE  1.  Positive  correlation  ( r = .577 , which  is  significant  at  . 1 % level ) of  ripple  mark  wave 
length  and  amplitude  for  226  measured  ripple  marks.  Each  row  and  each  column  shows 
roughly  normal  distribution. 
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Larger  scale  cross  stratification  (McKee  and  Weir,  1953,  p.  382)  is 
locally  present  in  Type  I beds.  Cross-stratified  sets  range  in  thickness  from 
about  3 inches  to  one  foot,  averaging  about  9 inches.  Individual  cross- 
strata  average  about  24  inch  thick  and  are  planar  in  form.  Large-scale 
cross  stratification  is  most  abundant  in  the  western  sections. 


Sole  Irregularities 

The  soles  of  Type  I beds  are  generally  planar  to  a remarkable  extent,  but 
commonly  they  show  vertical  irregularity  measured  in  inches.  Irregularity 
consists  of  downward  protrusions  into  shale  or  siltstone  and  associated 
upward  bowings  or  intrusions  of  shale.  Two  genetically  different  types  of 
irregularity  can  be  distinguished  on  a descriptive  basis:  1)  contact-parallel 
structures;  and  2)  truncated  structures.  Both  structures  result  from  relief 
present  on  the  top  of  the  subjacent  bed  prior  to  deposition.  However,  such 
relief  features  are  modified  in  many  cases  by  the  process  of  depositional 
loading. 

The  form  of  many  beds  showing  deformation  by  the  process  of  deposi- 
tional loading  is  similar  to  the  structures  termed  flow  casts  (Shrock,  1948, 
p.  156),  flow  rolls  (Rich,  1950),  and  ball-  and-  pillow  structure  (Potter 
and  Pettijohn,  1963,  p.  148). 

Contact-parallel  structures  are  represented  by  infilling  of  a ripple-marked 
surface  or  other,  less  regular,  structural  features  on  the  top  of  the  subjacent 
bed  (Figure  25).  In  cases  where  the  underlying  bed  is  siltstone  or  sandstone, 
ripple  mark  is  identified  by  current  laminae  parallel  to  the  ripple  form  and 
within  the  lower  bed. 

Contact-parallel  structures  are  generally  depositionally  loaded.  On 
several  soles  loaded  contact-parallel  structure  has  the  same  orientation  as 
ripple  mark  in  adjacent  beds  and  close  parallelism  is  abundantly  demon- 
strated. It  is  probable,  therefore,  that  contact-parallel  structures  with  ex- 
tended long  axes  originate  from  depositional  loading  of  ripple  mark  (Figures 
26  and  27). 

Depositional  loading  was  postulated  by  Kuenen  (1949,  p.  372)  for  similar 
structures  in  the  Carboniferous  of  southern  Wales.  Pepper  and  others 
(1954,  p.  88)  attributed  identical  structures  in  the  Berea  Sandstone  of  eastern 
Ohio  to  contemporaneous  deposition  and  sinking.  The  transverse  ripple- 
load-casts  of  Kelling  and  Walton  (1957,  p.  485)  are  also  identical  to  loaded 
ripples  in  the  Trimmers  Rock. 

Truncated  structures  at  the  bed  base  are  irregular  in  plan  and  variable 
in  relief  up  to  a few  inches.  These  structures  apparently  result  from  deposi- 
tion on  an  uneven  surface.  Laminae  in  both  the  overlying  and  underlying 
bed  locally  truncate  against  the  margins  of  these  structures,  suggesting  that 
irregularity  originated  by  erosion  of  the  substratum  prior  to  deposition  of 
the  overlying  bed.  Truncated  structures  may  be  much  more  widespread 
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FIGURE  25.  Diagrams  showing  contact-parallel  and  truncated  structures. 

Contact-parallel  structure  (above) 

Truncated  structure  (below) 

than  noted  because  the  scarcity  of  laminae  in  the  Trimmers  Rock  makes 
recognition  of  the  structure  difficult. 

Widespread  erosion  contemporaneous  with  deposition  of  the  Trimmers 
Rock  is  suggested  by  the  abundance  of  semi-consolidated  shale  fragments 
in  the  graywackes,  by  the  pre-depositional  nature  of  many  trace  fossils,  and 
by  the  frequency  distributions  of  bed  thickness.  Because  of  the  planar 
aspect  of  most  beds,  erosion  must  have  been  most  effective  in  removing  j 
thin  sheets  of  sediment.  Truncated  structures,  on  the  other  hand,  are 
indicative  of  more  localized,  more  irregular  erosion. 

The  process  of  depositional  loading  has  affected  truncated  structures  in 
some  instances.  The  criterion  for  recognition  of  this  development  is  the 
oversteepening  of  laminae  in  the  superjacent  bed  (Figure  25). 

Bolster  Structure 

A type  of  load-structure  common  in  eastern  exposures  of  the  Trimmers 
Rock  consists  of  structures  similar  to  the  foregoing  description  except  that 
the  sandstone  and  siltstone  bodies  of  elongated  ellipsoidal  form  are  completely 
isolated  from  a continuous  bed.  These  isolated  bodies  are  referred  to  here  i 


FIGURE  26.  View  upward  in  railroad  cut  at  graywacke  sole.  Shamokin  Dam,  Snyder  County, 
Pennsylvania.  Siltstone  Unit  3.  Ripple  marks  on  sole  are  counterparts  of  structure  in  underlying  shale, 
Note  slightly  divergent  groove  casts.  Ripple  mark  wave  length  about  6 inches  for  scale. 


FIGURE  27.  View  upward  at  graywacke  sole  in  railroad  cut,  Shamokin  Dam,  Snyder  County, 
Pennsylvania.  Siltstone  Unit  3.  Depositionally  loaded  ripple  marks  oriented  parallel  to  ripples  in 
Figure  26  and  to  other  ripples  in  the  same  section.  Average  wave  length  of  structures  is  about 
4 inches. 
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as  bolster  structures  because  of  their  characteristic  shape.  The  structures! 
occur  tens  of  feet  apart  along  the  same  stratigraphic  level  at  Port  Jervis  for 
a distance  of  at  least  several  hundred  feet  and  are  separated  by  undisturbed 
shale  (Figures  28—30). 

In  the  course  of  field  work,  the  axes  of  ellipsoids  which  could  be  seen 
clearly  in  three  dimensions  were  measured.  For  36  observations  all  long 
axes  lay  in  or  nearly  in  the  plane  of  bedding  and  averaged  21.1  inches  in 
length.  For  the  same  structures  the  intermediate  axis  was  in  the  plane  of 
bedding  in  34  (94%)  of  the  occurrences  and  averaged  10.7  inches  long. 
The  shortest  axis  in  these  structures  averaged  7.5  inches  in  length.  Ratio 
of  ellipsoid  axes  therefore  averages  about  2:3:6. 

At  the  margins  of  the  bolster,  shale  is  deflected  downward  and  parallel 
to  the  boundary.  Within  the  structure,  stratification  is  well  developed.  Near 
the  margin,  synformal  stratification  is  consistently  paralled  to  the  contact 
with  shale,  and  as  a result  of  depositional  loading  contemporaneous  with 
deposition,  the  layers  may  be  overturned.  Because  each  internal  layer  thins 
on  the  flanks  and  thickens  in  the  trough,  stratification  is  progressively  more 
horizontal  toward  the  top  of  the  bolster  (Figure  31). 


FIGURE  28.  Isolated  bolster  in  poorly  fissile  shale  near  Millrift,  Pike  County,  Pennsylvania. 
Siltstone  Unit  3 in  Port  Jervis  section.  Note  decrease  in  synformal  dips  upward  in  the  structure  in- 
dicating formation  by  depositional  loading.  Pencil  at  right  for  scale. 


FIGURE  29.  Large  bolsters  separated  by  shale  in  road-metal  quarry  near  Port  Trevorton,  Snyder 
County,  Pennsylvania.  Hammer  for  scale  beneath  bolster  layer. 


FIGURE  30.  Small  bolsters  separated  by  shale.  Siltstone  Unit  9 at  Shamokin  Dam,  Snyder  County, 
’ennsylvania.  Note  concentration  of  bolsters  along  definite  stratification  planes.  Brunton  compass 
or  scale. 
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FIGURE  31.  Development  of  a bolster  on  eroded  substratum.  View  parallel  to  longest  axis. 
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The  nature  of  stratified  bolsters  requires  that  sinking  or  depression  by  load- 
ing took  place  concurrently  with  deposition.  This  is  illustrated  by  the  high 
inclination  and  overturning  of  stratification  adjacent  to  the  margin  of  the 
body.  Horizontal  stratification  at  the  top  of  the  load-structure  indicates  that 
depression  of  the  bolster  ceased  with  deposition.  The  occurrence  of  bolsters 
along  the  same  plane  of  sedimentation  suggests  that  the  current  carrying 
the  sand  and  silt  began  to  deposit  its  material  in  isolated  areas  which  were 
slightly  lower  than  the  general  surface  over  which  the  current  moved.  Be- 
cause the  structures  themselves  have  strong  parallelism,  the  original  low  areas 
must  have  had  similar  alignment.  Orientation  of  the  low  areas  was  probably 
the  result  of  some  directional  force  in  the  environment;  the  most  likely  cause 
is  the  current  of  deposition.  In  a few  places,  bolster  structure  is  roughly 
parallel  with  nearby  ripple  mark. 


Flame  Structure  and  Cord  Structure 

Shales  adjacent  to  bolsters  and  between  irregularities  on  soles  are  in  many 
cases  disturbed  from  their  normal  parallelism  to  the  outcrop  attiti  de.  In 
some  examples,  shales  near  the  margin  of  the  lower  half  of  a loaded  structure 
is  clearly  warped  down.  By  far  the  more  common  structure,  however,  is  the 
upward  protrusion  of  shale  in  the  form  of  a sharp  ridge  between  closely  spaced 
load-structures.  These  are  termed  flame  structures  (Kelling,  1958,  p.  121). 

In  detail,  the  intersection  of  flame  structure  with  the  continuous  part  of 
the  overlying  bed  is  represented  by  a series  of  sharp  indentations  separated 
by  rounded  areas  in  the  bed  or  on  the  sides  of  load-structures.  Total  relief 
is  only  a fraction  of  an  inch,  but  the  structure  may  be  several  feet  long.  These 
features  are  referred  to  as  cord  structures  because  the  name  is  descriptive  of 
their  appearance  (Figure  32).  As  expected,  cord  structures  are  closely  paral- 
lel to  flame  structures,  and  many  are  parallel  to  the  long  axes  of  bolster 
structures. 


Landslide  Deposits 

Frequently  bolsters  and  associated  structures  occur  in  zones  which  show 
evidence  of  having  moved  laterally  as  well  as  downward  during  their  develop- 
ment. These  zones  are  considered  to  represent  fossil  subaqueous  landslide 
deposits.  Lateral  movement  is  demonstrated  in  certain  layers  up  to  20  feet 
thick  in  which  separated  bolsters  and  blocks  are  dominant  constituents  (Fig- 
ures 33  through  38).  Several  criteria  were  recognized  to  establish  lateral 
movement;  all  criteria  do  not  occur  together  in  any  one  outcrop,  and  only 
one  criterion  is  considered  necessary  to  demonstrate  movement,  provided  the 
evidence  is  unequivocal  and  the  recognition  characteristic  is  of  good  quality. 
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FIGURE  32.  Cord  structure  on  sole  of  bolster  structure.  Block  is  10  inches  long. 

Criteria  for  the  recognition  of  lateral  movement  are  listed  as  follows  to- 
gether with  examples: 

1)  overturned  bolsters,  as  determined  by  shape.  Unit  70,  Juniata  River. 

2)  presence  of  subangular  blocks.  Unit  5,  Port  Jervis;  unit  111,  Catawissa. 

3)  marked  erosion  of  the  substratum.  Unit  115,  Catawissa;  unit  23,  Liver- 
pool. 

4)  bolsters  or  blocks  of  two  or  more  distinct  rock  types  in  disordered  ar- 
rangement. Amity  Hall,  Perry  County. 

5)  great  variation  in  size  of  bolsters.  Unit  49,  Shamokin  Dam. 

6)  tightly  packed  bolsters  in  contact  but  not  pressed  into  one  another. 
Unit  48,  Red  Cross. 

7)  drag  marks  on  the  substratum  and  the  bolsters.  Hawns  Bridge,  Hunt- 
ingdon County. 

The  reasoning  behind  each  criterion  is  different  to  a certain  extent  and  will 
be  described  briefly. 

In  some  thick  layers  of  landslide  debris,  bolsters  are  oriented  at  various 
angles  to  the  attitude  of  the  outcrop.  Since  the  sole  is  always  curved,  some- 
times enclosing  an  arc  exceeding  180°,  there  are  many  examples  which  might 
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be  explained  by  in-place  preferential  loading  in  a direction  inclined  to  the 
vertical.  When  the  tangent  to  the  bottom  of  the  trough  of  the  bolster  is  in- 
clined at  greater  than  45°  so  that  more  than  half  the  sole  is  vertical  or  over- 
turned, it  is  considered  unlikely  that  the  bolster  is  in  place  (Figure  39.)  Over- 
turned bolsters,  representing  laterally  moved  structures,  are  common  in  the 
Juniata  River  section  (Figure  35)  in  unit  148  at  Red  Cross,  and  roadcut  ex- 
posures along  Route  22  north  of  Amity  Hall,  Perry  County. 

At  Amity  Hall,  Catawissa,  and  Red  Cross  (Appendix  B)  subangular  blocks 
up  to  12  feet  long  are  commonly  included  in  thick  layers  of  jumbled  bolsters 
(Figures  33  and  38,  middle).  These  siltstone  bodies  are  actually  fragments 
broken  from  various  beds  and  moved  laterally.  In  unit  3 at  Port  Jervis,  a 
block  18  inches  thick  and  6 feet  long  has  slid  north  about  10  feet  from  the 
broken  end  of  its  bed  and  less  obvious  examples  are  abundant  in  other  lo- 
calities. 

The  greatest  amount  of  contemporaneous  erosion  observed  in  the  Trimmers 
Rock  occurs  at  the  base  of  landslide  deposits.  Erosion  not  associated  with 
slide  deposits  is  of  much  less  magnitude.  In  unit  23  in  the  Liverpool  section, 


FIGURE  33.  Zone  of  laterally  moved  bolsters  and  blocks,  in  roadcut  2 miles  north  of  Amity  Hall, 
Perry  County,  Pennsylvania.  Such  structures  are  notably  conspicuous  by  occurring  in  the  midst  of 
sequences  of  highly  planar  beds.  Pocket  knife  for  scale  at  left  center. 
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FIGURE  34.  Thick  zone  of  laterally  moved  bolsters  and  blocks  replaced  up-dip  (toward  the  left) 
by  disturbed  shale.  Siltstone  Unit  9 at  Shamokin  Dam,  Snyder  County,  Pennsylvania.  Hammer  for 
scale. 


at  least  3 feet  of  section  is  truncated  by  the  base  of  such  a zone  13  feet  thick 
(Figure  37.)  Missing  section  increases  from  north  to  south  over  a distance  of 
about  20  feet,  and  a wedge  of  landslide  debris  occupies  the  resulting  depres- 
sion. Lateral  movement  of  considerable  magnitude  is  demanded  to  remove 
so  much  material  from  beneath  the  layer. 

The  Amity  Hall  section  contains  several  exposures  of  piled-up  bolsters 
consisting  of  two  distinct  rock  types  (Figure  35).  The  first  rock  type  is  the 
siltstone  and  very  fine-grained  sandstone  which  characterizes  most  bolsters 
of  the  Trimmers  Rock.  The  second  lithologic  type  consists  of  a silty  shale 
matrix  and  abundant  fossil  fragments  which  constitute  60-70%  of  the  rock. 
Both  types  occur  in  the  form  of  the  typical  bolster  with  a rounded  base.  The 
fossil-fragment  structures  are  slightly  smaller  than  most  bolsters,  averaging 
about  4 inches  in  the  long  dimension,  and  are  scattered  nonsystematically 
among  the  siltstone  bodies  in  the  outcrop.  Lateral  movement  of  more  than 
one  stratum  is  the  only  logical  explanation  for  such  mixed  bolsters,  but  in 
most  layers  of  jumbled  bolsters  distinction  of  more  than  one  rock  type  is  not 
possible. 
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Great  variation  in  bolster  size  suggests  lateral  movement  of  multiple  beds 
because  in-place  load-structures  of  a single  bed  are  generally  of  nearly  equal 
size.  In  many  landslide  deposits,  however,  the  long  dimension  of  bolsters 
ranges  from  an  inch  to  several  feet.  Bolster  size  is  apparently  randomly 
distributed  through  the  layer  and  it  is  therefore  likely  that  bolsters  were  de- 
rived from  several  loaded  beds  and  mixed  together  during  movement. 

In  thick  jumbled  layers  of  bolsters  there  is  usually  a paucity  of  shale,  and 
the  individual  forms  are  piled  on  top  of  one  another  (Figure  33).  In  some 
cases  where  the  shape  of  the  bolsters  can  be  seen  in  three  dimensions,  their 
curved  bases  rest  on  underlying  forms  without  penetrating  them  or  conform- 
ing to  their  configuration.  Since  shale  is  not  present  near  the  contact  of  the 
two  structures  and  the  boundary  is  not  conformable,  the  material  into  which 
the  higher  load-structure  was  pressed  is  no  longer  present.  The  simplest  ex- 
planation is  that  the  individual  structures  originated  elsew'here  by  deposi- 
tional  loading  and  have  moved  laterally  into  their  present  position.  Such 
load-structures  may  have  originally  been  either  irregularities  on  the  sole  of  a 
bed  or  completely  isolated  bodies. 


FIGURE  35.  Slide  structure  containing  mixed  lithologies.  Small  bolster  at  one  o'clock  from  end 
of  hammer  handle  consists  of  fossil  fragments  in  a muddy  matrix  while  other  bolsters  in  the  zone  are 
typical  Trimmers  Rock  graywackes.  Note  that  stratification  in  the  largest  bolster  describes  an  arc 
concave  downward.  Two  miles  north  of  Amity  Hall,  Perry  County,  Pennsylvania.  Hammer  for  scale. 
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Movement  of  landslides  might  be  expected  to  have  marked  the  surface 
of  the  substratum,  but  this  is  substantiated  with  difficulty  because  the  sub- 
stratal  surface  is  seldom  exposed.  The  only  locality  at  which  substratal  mark- 
ings were  discerned  is  a road  cut  J4  mile  west  of  the  village  of  Hawns  Bridge, 
Huntingdon  County.  The  town  lies  4 miles  south  of  Huntingdon.  In  this 
cut  the  top  of  the  substratum  shows  closely  spaced  grooves  about  1 inch 
deep,  Jdg  inch  wide,  and  4 inches  long.  The  grooves  are  oriented  N20°W- 
S20°E.  The  top  inch  °f  the  substratum  shows  tiny  folds  with  vertical  axial 
planes  striking  about  N80°E.  Movement  of  the  overlying  material  in  a direc- 
tion N20°W  is  strongly  suspected. 

The  regional  environmental  significance  of  deposits  displaying  evidence  of 
lateral  movement  is  discussed  in  the  section  devoted  to  paleogeography.  It 
should  be  noted  here,  however,  that  determination  of  source  area  could  not 
be  accomplished  through  study  of  lithologic  characteristics  of  the  moved 
material.  The  dominant  rock  types  of  the  moved  blocks  and  bolsters  are 
identical  to  the  regionally  distributed  rock  types  of  the  Trimmers  Rock.  For 
this  reason  deposits  indicating  movement  are  considered  to  have  originated 
from  within  the  area  of  deposition  of  the  Trimmers  Rock,  but  the  extent  and 
direction  of  lateral  movement  can  best  be  inferred  from  geographic  distribu- 
tion of  structures  and  detailed  stratigraphic  study. 


FIGURE  36.  Base  of  slide  zone  8 feet  thick,  at  Meiserville,  Juniata  County,  Pennsylvania.  Beds 
below  structure  are  about  2 inches  thick. 
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FIGURE  37.  Erosion  at  base  of  slide  structure,  Siltstone  Unit  9,  Perry  County,  Pennsylvania.  Note 
that  approximately  3 feet  of  section  below  the  structure  is  removed  from  top  to  bottom  of  the  view. 
Large  bolster  at  base  of  cut  is  3 feet  in  diameter. 


A certain  sequence  of  events  seems  to  be  required  to  explain  the  various 
characteristics  of  deposits  suspected  of  lateral  movement.  Because  the  dom- 
inant constituents  of  many  such  deposits  are  identical  to  structures  origin- 
ating from  depositional  loading,  it  is  probable  that  loading  was  the  first  event 
in  the  process.  The  associated  angular  blocks  suggest  that  some  deposits 
originated  from  tabular  beds,  possibly  having  loaded  bases.  Second,  lateral 
movement  by  viscous  flow  or  sliding  is  required  to  satisfy  the  movement  cri- 
teria cited.  Extent  and  direction  of  movement  is  not  obtainable  from  exam- 
ination in  most  deposits;  several  inches  may  be  sufficient  to  explain  some  ex- 
amples, but  the  possibility  that  much  larger  distances  are  involved  cannot 
be  overlooked.  Third,  redeposition  of  the  moved  material  is  necessary  to 
explain  the  final  relationships  preserved  in  the  rocks. 

Assuming  that  individual  bolsters  and  blocks  originated  as  described,  a 
force  must  have  existed  which  caused  lateral  movement.  Several  such  forces 
have  been  suggested  by  Dott  (1963,  p.  110-111)  including  a gravity  compo- 
nent of  the  sediment  mass  directed  down  the  slope  of  deposition. 

That  slopes  of  deposition  for  the  Trimmers  Rock  were  gentle  is  indicated 
by  the  great  degree  of  regularity  of  stratification.  Forces  resulting  from  the 
downslope  component  of  gravity  should  seemingly  therefore  have  been  small. 
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FIGURE  38.  Slide  structures. 

Early  stage  of  lateral  movement  at  Trimmers  Roc k (Top) 
Laterally  moved  bolsters  and  blocks  at  Amity  Hall  (Middle) 
Two  distinct  slide  structures  at  Amity  Hall  (Bottom) 
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FIGURE  39.  Definition  of  overturned  bolster. 


If,  however,  in  the  process  of  loading,  water  saturated  mud  beneath  individ- 
ual bolsters  or  beneath  a tabular  loaded  bed  were  compacted  so  that  pore 
pressure  increased  relative  to  the  overburden  pressure,  a small  gravity  com- 
ponent due  to  slope  might  be  sufficient  to  cause  lateral  movement.  This 
principle,  put  forward  by  Hubbert  and  Rubey  (1959)  to  explain  large-scale 
tectonic  structures,  might  be  applied  in  the  present  study  to  the  case  of  the 
tabular  bed  with  irregular  loading.  A large  portion  of  the  bed  might  thus  be 
subject  to  an  increased  downslope  component  of  the  mass  of  the  bed  resulting 
in  breakage,  downslope  movement,  and  redeposition  as  a jumbled  mass. 
Because  bolsters  in  the  jumbled  mass  are  discrete  bodies  and  seldom  deformed 
it  is  necessary  that  the  loaded  bed  remained  in  place  after  deposition  until 
the  bolsters,  but  probably  not  the  enclosing  material,  acquired  a degree  of 
cohesion.  The  time  required  for  this  is  not  known. 

An  alternative  explanation  for  the  occurrence  of  jumbled  load  structures 
in  shale  has  been  advanced  by  Kuenen  (1958,  p.  17-21)  and  considered  as  the 
mode  of  origin  for  ball-and-pillow  structure  by  Potter  and  Pettijohn  (1963, 
p.  1 48-1 52) . In  tank  experiments  Kuenen  produced  structures  greatly  similar 
to  bolster  structures  of  the  Trimmers  Rock  and  to  “pseudo-nodules”  from 
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the  Devonian  of  the  Ardennes  (Macar  and  Antun,  1950).  Layers  of  sand 
were  laid  down  on  a subaqueous  surface  of  clay,  and  the  tank  was  then  jolted. 
The  resulting  sand  balls  are  attributed  to  origin  from  earthquakes  simulated 
by  jolting  of  the  tank. 

Kuenen  (1958,  p.  20)  offers  a substitute  for  strict  depositional  loading  by 
earthquake-induced  thixotropic  behavior  of  mud.  Kuenen  further  suggested 
a spectrum  of  deformation  from  the  mechanism  of  slumping  or  sliding  at  one 
end  to  “quake  load-casting”  at  the  other.  In  sequences  such  as  the  Trimmers 
Rock  which  contain  an  abundance  of  loaded  structures  throughout  great 
thicknesses  subaqueous  landsliding  seems  to  have  been  operative  but  was 
probably  not  the  dominant  process. 

Sole  Marks 

In  addition  to  the  internal  structures  which  have  been  the  topic  for  dis- 
cussion up  to  this  point,  graywackes  of  the  Trimmers  Rock  also  contain  strictly 
external,  current-formed  structures.  These  include  flute  casts,  groove  casts, 
and  prod  casts  on  the  graywacke  sole. 

Flute  casts  (Crowell,  1955,  p.  1359)  are  ridges  on  the  sole  with  a bulbous 
up-current  termination  and  a gradually  diminishing  opposite  end.  Flute 
casts  are  sandstone  or  siltstone  casts  in  depressions  scoured  by  current  action 
in  the  underlying  shale.  Although  flute  casts  are  not  abundant  in  the  Trim- 
mers Rock,  20  measurements  were  obtained;  these  are  given  in  Appendix  B. 
Mean  length  is  2.64  inches  with  standard  deviation  2.08  inches;  mean  width 
is  .78  inch  with  standard  deviation  .56  inch.  Mean  depth  was  not  calcu- 
lated because  of  poor  measurability. 

Groove  casts  (Shrock,  1948,  p.  162-165)  occur  as  parallel  to  subparallel 
ridges  on  the  graywacke  sole  (Figure  40).  Observed  groove  casts  total  112 
and  these  range  from  a fraction  of  an  inch  to  over  two  feet  long.  Mean  length  j 
is  4.07  inches  with  standard  deviation  4.15  inches.  Mean  width  is  .21  inch 
with  standard  deviation  .26  inch.  Groove  cast  length  and  width  are  cor- 
related positively  with  r = .720,  which  is  significant  at  the  .1%  level  (Table 
2).  Depth  averages  about  ) g inch  with  a small  range  but  depth  cannot  be 
easily  measured  in  most  cases.  Groove  casts  are  generally  scattered  on  the 
sole  and  separated  by  several  inches  of  undisturbed  bedding  plane. 

Groove  casts  are  thought  to  originate  from  the  cutting  action  of  various 
tools  carried  by  the  current  which  deposited  the  overlying  bed  (Crowell, 
1955,  p.  1358). 

Positive  correlation  of  groove  cast  length  and  width  indicates  either  that 
large  tools  were  dragged  along  the  bottom  for  a greater  distance  than  small 
ones  or  that  drag-distance  was  directly  related  to  amount  of  surface  area  of 
the  tool  in  contact  with  the  bottom. 

Prod  casts  (Dzulynski  and  others,  1959,  p.  1116)  are  not  abundant  in  the 
Trimmers  Rock,  but  10  structures  were  measured  and  are  included  in  Appen- 
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dix  B.  Superficially,  prod  casts  resemble  certain  pre-depositional  trace  fossils 
oriented  at  a high  angle  to  the  bedding,  but  prod  casts  can  be  distinguished 
by  having  a greater  degree  of  irregularity.  Prod  casts  are  believed  to  repre- 
sent infilling  of  small  depressions  caused  by  impact  of  a current-driven  tool. 

Furrow  Casts 

Another  structure  commonly  associated  with  current  lamination  and  ripple 
mark  in  the  Trimmers  Rock  graywackes  is  the  furrow  cast  (Figure  41).  This 
structure,  named  by  McBride  (1962,  p.  58)  from  the  Ordovician  Martinsburg 
Formation  of  the  Appalachians  and  described  by  Winterer  (1964)  from 
Eo-Cambrian  strata  of  Normandy,  consists  of  a series  of  closely  spaced  rib- 
bon-like bands  which  occur  on  the  bed  top.  In  the  Trimmers  Rock  occur- 
rences, furrow  casts  are  washboard-like  corrugations  less  than  inch  in 
width,  usually  less  than  1 inch  in  length,  and  with  relief  less  than  1/10  inch. 
Individual  furrows  are  remarkably  parallel,  linear,  and  some  display  a tiny 
median  groove. 

Winterer  notes  that  furrow  casts  of  the  Normandy  occurrences  are  found 
normal  to  and  on  the  down-current  flank  of  ripple-crests.  The  Trimmers 


FIGURE  40.  View  upward  at  graywacke  sole.  Siltstone  Unit  3 at  Shamokin  Dam,  Snyder  County, 
Pennsylvania.  Groove  casts  with  chevron;  current  from  upper  right.  Prod  cast  at  right  center.  Hammer 
for  scale. 
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LENGTH  (INCHES) 


i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

14 

18 

24 

26 

TOTALS 

He 

12 

16 

3 

5 

1 

1 

1 

1 

1 

41 

C/D 

w 

Us 

8 

7 

6 

7 

3 

1 

1 

1 

34 

X 

K 

1 

7 

3 

3 

2 

2 

1 

1 

20 

O 

£ 

% 

1 

1 

1 

1 

4 

t-H 

Vi 

1 

1 

1 

1 

1 

1 

6 

X 

H 

Q 

1 

% 

1 

1 

1 

1 

1 

2 

3 

£ 

1 

y* 

1 

1 

2 

1 

1 

TOTAL 

22 

31 

13 

16 

7 

5 

5 

3 

3 

1 

1 

2 

1 

1 

1 

112 

TABLE  2.  Positive  correlation  ( r = .720 , which  is  significant  at  the  .7%  level)  of  groove-cast 
length  and  width.  Each  row  and  each  column  shows  a poor  approximation  to  a normal 
distribution. 


Rock  furrows  are  concentrated  in  broad  flat  ripple  troughs  and  on  unrippled 
tops  where  they  completely  cover  small  areas. 

At  one  locality  (unit  8,  Port  Jervis  section)  linear  bands  in  furrow  structure 
occur  on  the  bed  top  and  are  parallel  to  groove  casts  on  the  sole  of  the  same 
bed.  In  unit  22  at  Port  Jervis  furrows  are  constantly  oriented  at  about  95° 
to  well-defined  ripple  mark  (Figure  41).  Because  of  these  associations  there 
can  be  little  doubt  that  the  orientation  of  furrow  casts  is  parallel  to  paleo- 
current  direction. 


CONGLOMERATE 

As  considered  here,  conglomerate  excludes  the  very  common  rocks  which 
contain  abundant  fragments  of  semi-consolidated  shale  and  the  graywackes 
partially  made  up  of  fossil-fragment  layers,  both  of  which  are  discussed  else- 
where. Conglomerate  is  limited  in  occurrence  to  the  upper  part  of  the  Trim- 
mers Rock  in  the  Bowmanstown-Schuylkill  Haven  region.  This  rock  type 
is  best  developed  in  Conglomeratic  Sandstone  Unit  5b  at  New  Ringgold,  but 
is  also  present  in  that  unit  at  Schuylkill  Haven.  Other  conglomerates  occur 
in  the  strata  called  Parkhead  Sandstone  in  Maryland.  The  Saxton  Conglom- 
erate and  other  less-continuous  bodies  (Butts,  1945,  p.  12)  are  well  developed 
in  the  Huntingdon-Hollidaysburg  area. 

The  matrix  material  of  most  conglomerates  of  the  Trimmers  Rock  is  sub- 
graywacke  sandstone,  and  subgraywackes  without  clasts  are  generally  inter- 
bedded  with  conglomerates.  Most  conglomerates  of  the  Trimmers  Rock 
occur  as  pods  and  stringers  of  clasts  along  bedding  planes,  but  a few  are  mas- 
sive rocks  with  dispersed  fragments.  In  color,  most  conglomerate  is  light  gray 
to  nearly  white,  probably  because  of  the  high  quartz  content  of  the  matrix 
sandstone.  Euhedral  pyrite  is  abundant  in  both  subgraywacke  and  conglom- 
erate. 
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Clasts  in  conglomerate  constitute  up  to  about  30%  of  the  rock  and  consist 
for  the  most  part  of  white  vein  quartz.  A few  pebbles  of  black  chert,  brown- 
ish-gray siltstone,  and  reddish-colored  silica  rock,  possibly  jasper,  were  found 
in  conglomerates  at  New  Ringgold.  Clast  size  in  conglomerate  ranges  from 
granules  to  cobbles.  Pebbles  are  most  common,  granules  abundant,  and 
cobbles  rare.  The  largest  clast  observed  measured  3 inches  in  diameter  and 
was  found  in  unit  17  at  New  Ringgold. 

Quartz  clasts  in  conglomerate  are  sub-rounded  to  well  rounded.  Sub- 
angular  clasts  are  very  rare,  and  no  angular  fragments  were  found.  Shape  of 
clasts,  however,  is  highly  varied.  Some  western  occurrences  contain  white 
vein  quartz  of  very  flat,  almost  tabular,  shapes.  These  flat-pebble  clasts  con- 
stitute as  much  as  70%  of  the  clasts  present  in  such  rocks. 

Because  most  conglomerates  occur  as  bodies  which  are  lenticular  in  out- 
crop, their  use  in  lithic  correlation  seems  limited.  Sandstone  Unit  5b,  which 
is  present  in  three  southern  sections,  contains  conglomerates  at  Schuylkill 
Haven  and  New  Ringgold,  but  not  at  Bowmanstown. 


FIGURE  41.  Ripple  marks  with  furrow  casts  in  the  troughs.  Current  from  top  to  bottom.  Siltstone 
Unit  3 at  Millrift,  Pike  County,  Pennsylvania  in  the  Port  Jervis  section.  Twenty-five  cent  coin  for  scale. 
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COLOR 

Color  is  considerably  varied  in  the  Trimmers  Rock  Member  of  the  Fort 
Littleton  Formation.  The  dominant  colors  are  intermediate  shades  of  gray, 
but  the  Trimmers  Rock  also  includes  strata  of  such  diverse  colors  as  yellow, 
red-brown,  and  black.  All  determinations  of  color  in  this  study  are  based  on 
the  Rock  Color  Chart  prepared  by  the  Rock  Color  Chart  Committee  (God- 
dard and  others,  1951). 

Color  due  to  variation  in  the  nature  and  extent  of  all  post-depositional 
changes  is  so  great  that  the  color  designation  of  any  unit,  even  single  beds, 
may  include  several  of  the  color  “points”  of  the  Color  Chart,  and  it  is  im- 
practical to  include  four,  five,  or  six  color  designations  in  rock-description 
tables  (Appendix  A).  For  this  reason,  colors  are  grouped  into  commonly  as- 
sociated suites.  Preliminary  examination  of  a section  near  Amity  Hall  in 
Perry  County  established  that  similar  colors  occur  together;  these  associated 
colors  are  therefore  grouped  into  1 1 suites.  The  suites  recognized  in  this  early 
work  were  afterward  successfully  utilized  in  all  sections  described. 

The  informally  named  suites  with  their  respective  letter  designations  as 
used  in  Appendix  A consist  of  the  following  colors: 

A.  Blacks.  N 1,  N 2. 

B.  Dark  grays.  N3,  5 B 3/1. 

C.  Medium  grays.  N4,  N 5,  5 B 5/1,  5 B 4/1,  10  YR  4/2. 

D.  Light  grays.  N 6,  N 7,  5 Y 5/2,  5 GY  6/1. 

E.  Very  light  grays.  N 8,  10  Y 6/2. 

F.  Dark  olive  greens.  10  Y 5/4,  10  Y 6/6,  5 GY  5/2,  5 GY  3/2. 

G.  Light  olive  greens.  5 Y 6/4,  10  Y 7/4,  10  GY  7/2. 

H.  Dark  browns.  5 Y 4/4,  5 YR  4/1,  5 YR  5/2,  5 YR  4/4,  10  YR  4/2. 

I.  Light  browns.  5 YR  7/2,  5 YR  6/4,  5 YR  6/2,  10  YR  6/6. 

J.  Reds.  10  R 5/4,  10  R 4/6,  5 YR  3/4,  5 RP  4/2. 

K.  Yellows.  5 Y 8/4,  5 Y 7/6. 

The  primary  purpose  of  this  method  is  to  define  the  color  of  a thin  rock 
unit  from  variation  detected  in  freshly  broken  samples.  Accordingly,  many 
rock-unit  descriptions  contain  more  than  one  designation  for  color.  In  the 
color  column  of  Appendix  A,  the  dominant  suite  is  listed  first. 

Color  is  a very  significant  aspect  of  the  Trimmers  Rock.  The  contact  be- 
tween the  Fort  Littleton  Formation  and  the  Catskill  Formation  is  based  on 
color,  the  lowest  strata  of  distinctive  grayish-red  colors  being  designated  Cat- 
skill.  (Hoskins  and  others,  1963,  p.  161-162.)  These  colors  are  hues  of  red  in 
the  range  5 R 4/2  to  10  R 4/2.  The  writer  has  suggested  (Frakes,  1961,  p. 
123)  that  color  of  the  basal  Catskill  is  the  result  of  redeposition  of  red  sedi- 
ment, perhaps  derived  from  originally  red  rocks. 

Other  reddish  colors,  shades  of  red  and  purple  listed  in  suite  J above,  occur 
locally  in  shales  of  the  Trimmers  Rock.  These  reddish  colors  appear  to  re- 
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suit  from  concentrated  hematite  staining.  Wide-spread  staining  in  thin  sec- 
tion is  associated  with  reddish  color  in  outcrop,  but  these  colors  have  little 
stratigraphic  or  mapping  value. 

These  red  and  purple  colors  are  often  associated  with  various  shades  of 
green.  Boundaries  between  suite  J colors  and  green  colors  are  irregular  in 
configuration  and  gradational  in  most  cases,  and  small  patches  of  green  colors 
locally  occur  within  solid  reddish  shales. 

Olive-green  colors  comprise  suites  F and  G above.  The  cause  of  green  color- 
ation is  not  definitely  known,  but  it  may  well  be  related  to  the  abundance  of 
chlorite  in  the  rock.  As  far  as  can  be  determined,  chlorite  occurs  as  both 
detrital  and  secondary  replacement  of  clay  minerals  in  strata  of  the  Trimmers 
Rock.  Much  more  detailed  study  is  needed  to  ascertain  the  origin  of  chlorite 
in  these  rocks. 

Gray  coloration,  representing  the  absence  or  minor  presence  of  other  colors 
cannot  be  attributed  to  any  one  factor.  Relative  abundance  of  fine-grained 
matrix  cannot  fully  explain  variation  in  grayness  because  all  shades  of  gray 
are  present  in  all  rock  types,  from  shale  to  medium-grained  sandstone.  How- 
ever, a statistical  association  may  exist  between  amount  of  matrix  and  shade 
of  gray  ness. 

Brown  colors  are  predominantly  the  result  of  surficial  weathering  of  light- 
and  medium-gray  rocks  in  the  Trimmers  Rock.  The  shades  of  brown  and 
yellow  commonly  seen  delineating  liesegang  bands  possibly  result  from  limon- 
itization  of  iron-bearing  minerals  in  siltstones  and  sandstones. 

In  the  Trimmers  Rock,  black  colors  occur  only  locally  in  shale.  Many  black 
shales  of  the  Trimmers  Rock  and  the  Burket  Member  of  the  Rush  Formation 
contain  abundant  euhedral  pyrite,  suggesting  that  chemical  conditions  during 
or  shortly  following  deposition  were  suitable  for  precipitation  of  sulfides.  Lo- 
cally, black  shales  weather  to  a characteristic  light-gray  color  and  rarely  to 
shades  of  yellow. 


STRATIFICATION 
Graded  Bedding 

General 

In  gross  aspect  the  Trimmers  Rock  Member  of  the  Fort  Littleton  Forma- 
tion resembles  other  rocks  which  have  been  ascribed  to  deposition  from  tur- 
bidity currents.  Such  units  include  the  Martinsburg  Formation  (McBride, 
1962)  of  the  Appalachian  region  and  other  rocks  of  widely  different  age  and 
distribution.  Mclver  (1960)  applied  the  concept  of  turbidity  currents  to  part 
of  the  “Portage”  and  “Chemung”  of  the  Appalachians  in  a study  which  in- 
cludes the  same  rocks  examined  in  the  present  study. 

Kuenen  and  Migliorini  (1950)  demonstrated  that  sediments  deposited  from 
continually  decelerating  experimental  turbidity  currents  are  vertically  and 
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laterally  graded.  Vertical  size-grading,  although  not  necessarily  restricted 
in  occurrence  to  rocks  deposited  from  turbidity  currents,  is  a requisite  char- 
acteristic for  identification  of  turbidity  current  deposits.  The  presence  of 
size-grading  is  obvious  in  Type  II  beds  of  the  Trimmers  Rock,  which  show 
an  upper  gradation  to  shale,  but  the  predominant  Type  I beds  are  fine- 
grained graywackes,  and  their  structure  is  determined  only  with  difficulty  in 
the  field.  A detailed  study  was  therefore  made  to  determine  the  size-distri- 
bution of  quartz  grains  through  both  Type  I and  Type  II  beds. 

Methods 

Six  samples  were  selected  from  five  measured  sections.  All  samples  were 
taken  from  thin  beds  so  that  one  thin-section  normal  to  bedding  essentially 
spanned  the  stratum.  Thin-section  AH-102  is  cut  through  a single  Type  II 
bed.  Of  the  remaining  five  thin-sections  of  Type  I beds,  one,  AH-101,  is  a 
composite  bed  consisting  of  three  distinct  sedimentation  units.  The  basal 
unit  of  this  section  was  analyzed  and  is  included  in  the  summary.  The  re- 
maining four  samples,  P-101,  NR-56,  SD-72,  and  SH-73,  are  cut  through 
single  Type  I beds. 

The  method  of  analysis  was  designed  to  include  the  full  thickness  of  the 
bed  so  that  grain  size  distribution  could  be  determined  for  the  entire  sedi- 
mentation unit.  A series  of  traverses  was  made  parallel  to  bedding;  traverses 
were  numbered  beginning  with  traverse  1 at  the  bed  base.  Measurements 
were  made  of  the  long  dimension  of  all  quartz  grains  in  contact  with  the  tra- 
verse line  across  the  thin-section.  The  smallest  grains  measured  had  a length 
of  .0165  mm  because  discrimination  of  grain  boundaries  was  vague  below 
this  limit.  After  grain  counting  and  application  of  the  factor  allowing  for 
random  slicing  of  spherical  grains  in  thin-section  (Krumbein,  1935)  the  data 
were  tabulated  by  size  (Appendix  C). 

Interpretation 

The  data  are  summarized  in  Appendix  C.  Examination  of  the  tables  re- 
veals that  size  grading  of  quartz  is  present  in  all  samples.  In  each  case,  fre- 
quencies of  the  smaller  size  classes  increase  toward  the  bed  top,  and  fre- 
quencies of  the  larger  size  classes  decrease  correspondingly.  Histograms  de- 
picting the  size  distributions  in  successive  traverses  disclose  the  relationships 
more  clearly  (Figures  42,  43,  and  44).  Statistical  graded  bedding  is  concluded 
to  be  a common  characteristic  of  the  Trimmers  Rock. 

Variation  in  mean  size  with  position  in  the  bed  is  shown  in  the  histograms. 
Mean  size  decreases  with  slight  irregularity  from  a maximum  value  in  the 
lowest  or  next-lowest  traverse  to  a minimum  at  the  top  of  the  bed.  This 
grading  of  mean  size  is  accomplished  by  systematic  variation  in  frequency  of 
the  individual  size  classes.  The  table  shows  that  successively  smaller  size  class- 
es attain  their  maximum  percentage  concentrations  in  successively  higher 


LITHOLOGY 


67 


FIGURE  42.  Size  analyses  of  two  thin  sections. 
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FIGURE  43.  Size  analyses  of  two  thin  sections. 
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THIN  SECTION  P-IOI 
MEDIUM- GRAINED  SILTSTONE 
1969  Quartz  grains 
d 0 

4 5 6 


d 0 


Traverses  parallel  to  bedding  at  4 mm  intervals 
FIGURE  44.  Size  analysis  of  a thin  section. 
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traverses.  There  is  a corresponding  decrease  in  percentage  concentration  of 
successively  larger  size  classes  in  successively  higher  traverses  (Frakes  1962a, 
1962b). 

Standard  deviation  (Krumbein  1936,  p.  39-40)  varies  with  mean  size  as 
shown  in  Figure  45.  A strong  positive  correlation  is  indicated  by  the  dis- 
tribution of  these  values.  With  increasing  mean  size,  standard  deviation 
becomes  larger  and  sorting  therefore  poorer.  Toward  the  right  side  of 
the  diagram,  approximate  best-fit  lines  for  individual  beds  are  more  steeply 
inclined  than  are  those  to  the  left.  This  relationship  might  be  taken  to  mean 
that  sorting  varies  almost  independently  of  mean  size  when  mean  size  is  small, 
but  it  is  more  likely  that  steepness  of  the  plot  at  the  right  is  related  to  the  lower 
limit  of  grain-size  observation,  about  6.3  <f>. 

Distribution  of  mean  size  in  these  rocks  suggests  that  some  factor  common 
to  all  caused  coarse  grains  to  be  concentrated  in  the  lower  portions  of  the  bed 
and  fine  grains  in  the  upper.  This  factor  must  be  a characteristic  of  the  trans- 
porting agent  because  the  results  are  all  internal  to  the  bed,  and  no  breaks 
in  sedimentation  are  visible  in  the  rocks  examined.  Continuously  decreasing 
kinetic  energy  due  to  loss  of  velocity  at  the  site  of  deposition  seems  to  be  the 
only  feasible  explanation  for  size  grading. 
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FIGURE  45.  Graph  of  mean  size  and  standard  deviation  data  from  six  thin  sections  and  one 
polished  section  (FFZA1). 
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Bed  Thickness 


General 

An  attempt  was  made  to  determine  geographic  and  stratigraphic  variation 
of  bed  thickness  by  estimation  methods  during  measurement  of  the  sections. 
However,  these  data  are  not  reproducible  in  the  held,  and  this  aspect  of  the 
Trimmers  Rock  remains  unevaluated. 

A measure  of  bed  thickness  variability  in  the  Trimmers  Rock  can  be  gained 
from  detailed  measurements  of  61  feet  of  section  at  Girtys  Notch.  These 
strata  encompass  measurement  units  112  to  120  at  the  top  of  Siltstone  Unit 
5.  Type  I,  Type  II,  and  shale  beds  were  measured  to  }/£"  accuracy. 

Frequency  Distributions 

Bed  thicknesses  for  the  three  rock  types  are  summarized  in  Table  3 and 
Figure  46.  In  these  arithmetic-frequency  distributions  it  is  obvious  that  all 
three  plots  are  skewed  to  the  right;  there  are  a larger  number  of  thin  beds. 
Type  I beds  range  in  thickness  from  1±  to  16"  and  show  wide  dispersion. 
Type  II  beds  show  narrow  dispersion  ranging  from  34"  to  5".  Shales 
show  the  greatest  range,  to  20",  but  values  are  strongly  clustered  at  the 
left.  The  strong  skewness  of  these  plots  assures  that  bed  thickness  cannot  be 
considered  as  normally  distributed. 


B e d -thick  n es  s (inches) 

406  Type  H Beds,  Girtys  Notch 


307  Shales,  Girtys  Notch 


FIGURE  46.  Histograms  of  bed-thickness  frequency  distributions. 
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Theta  scale 

(—3)— (—2) 

(-2)-(-l) 

(-1 )-0 

0-1 

1-2 

2-3 

3-4 

4-5 

TOTALS 

Inches 

<M 

V\-Vi 

y2- i 

1-2 

2-4 

4-8 

8-16 

16-32 

Type  I # 

15 

li 

35 

68 

101 

62 

20 

0 

312 

Beds  % 

4.8 

3.5 

11.2 

21.8 

32.4 

19.8 

6.4 

0 

99.9 

Type  II  # 

6 

12 

66 

211 

102 

9 

0 

0 

406 

Beds  % 

1.5 

2.9 

16.3 

52.0 

25.1 

2.2 

0 

0 

100.0 

Shales  # 

53 

45 

87 

62 

42 

15 

2 

1 

307 

% 

17.3 

14.7 

28.3 

20.2 

13.6 

4.9 

.7 

.3 

100.0 

TOTALS  # 

74 

68 

188 

341 

245 

86 

22 

1 

1025 

% 

7.2 

6.6 

18.3 

33.3 

23.9 

8.4 

2.1 

.1 

99.9 

TABLE  3.  Bed  thickness  by  rock  type  and  theta  classes,  detailed  section  at  Girtys  Notch. 


Pettijohn  (1949,  p.  135)  inferred  that  thicknesses  of  graded  beds  and  varves 
conform  to  log-normal  probabilities  because  such  data  plot  as  straight  lines 
on  log  probability  paper.  The  approximation  of  bed  thickness  to  the  log- 
normal has  been  shown  by  Schwarzacher  (1953),  Bokman  (1953),  Potter  and 
Siever  (1955),  Nederlof  (1959)  and  Atkinson  (1962)  among  others.  The 
transformation  of  data  to  log-normally  defined  classes  may  be  accomplished 
by  the  use  of  the  theta  scale  (Bokman,  1957).  Kolmogorov  (1949)  explained 
the  log-normal  frequency  distribution  of  bed  thickness  by  preferential  erosion 
of  thin  beds  in  an  originally  arithmetical-normal  distribution. 

Bed  thicknesses  obtained  in  the  present  study  are  plotted  on  log-probabili- 
ty paper  in  Figure  47.  Although  each  plot,  including  one  for  the  total  1025 
beds,  approximates  a straight  line  there  is  a noticeable  tendency  for  the  lines 
to  be  concave  downward.  Downward  concavity  is  particularly  marked 
in  the  plot  of  Type  II  beds.  Best-fit  lines  drawn  for  any  set  of  data  would  lie 
to  the  left  of  the  concave  plot  at  both  extremities.  The  number  of  thin  beds 
and  thick  beds  is  thus  in  excess  of  what  would  be  expected  if  bed  thickness 
conformed  to  the  log-normal  law. 

Use  is  made  of  the  log-normal  transformation  in  most  studies  to  allow 
treatment  of  the  data  by  various  parametric  statistical  methods.  Justification 
of  these  methods  rests  on  the  approximation  to  a straight  line  on  log  probability 
paper.  Whether  the  data  actually  do  plot  as  a straight  line  is  usually  decided 
subjectively.  This  decision  is  greatly  influenced  by  such  factors  as  scale  of 
the  plot  and  the  number  of  data-points  employed. 

The  frequency  distributions  of  bed  thickness  in  the  Trimmers  Rock  are 
compared  with  log-normal  frequency  distributions  of  the  same  sample  size, 
mean,  and  standard  deviation  in  Figure  48.  Differences  between  observed 
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PROBABILITY 


FIGURE  47.  Log-probobility  plot  of  bed  thickness  frequency  distributions  at  Girtys  Notch. 


and  theoretical  frequencies  in  each  theta  size  class  are  substantial,  particularly 
for  Type  I beds  and  shales.  Chi-square  tests  show  that  the  difference  is  sig- 
nificant at  the  .005  level  for  all  three  distributions.  The  probability  that  the 
observed  sample  of  Type  I beds  could  have  been  drawn  from  the  same  popu- 
lation as  the  theoretical  sample  is  less  than  one  in  two  hundred;  the  same 
probability  applies  to  Type  II  beds  and  shales. 

Frequency  distributions  of  bed  thickness  in  the  Trimmers  Rock  do  not 
follow  the  log-normal  probability  law  although  they  approximate  straight 
lines  on  log  probability  paper.  Additionally,  the  skewness  of  the  distri- 
butions in  Figure  48  cannot  be  explained  by  removal  of  the  thinner  beds 
through  erosional  processes  as  postulated  by  Kolmogorov  because  there  is  a 
surplus  of  observed  thin  beds  over  the  theoretical  log-normal  distribution. 
The  effect  of  slight  erosion  would  be  to  completely  remove  relatively  thin 
beds  and  only  a portion  of  thicker  beds.  Because  thin  beds  are  so  abundant 
it  was  considered  possible  that  the  observed  frequencies  might  result  from  ero- 
sion of  the  thin  beds  of  an  original  Poisson  distribution.  But  in  a comparison 
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Comparison  of  observed  and  expected  log-normal  frequency  distributions  of  bed 


74 


DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


of  Type  I beds  with  a Poisson  distribution  of  the  same  mean  and  sample  size, 
Chi-square  is  not  significant  at  the  .005  level,  and  again  observed  thin  beds 
exceed  the  theoretical  ones.  The  superabundance  of  thin  beds  indicates  a 
strongly  skewed  original  distribution,  perhaps  conforming  to  the  binomial 
law. 

Frequency  distributions  of  bed  thickness  may  eventually  prove  to  be  en- 
vironmentally significant.  In  the  present  study,  the  frequency  distributions 
suggest  that  bed  thickness  conformed  to  the  binomial  law  before  erosion  by 
currents.  Perhaps  bed  thickness  in  low-engery,  noneroding  environments  is 
controlled  by  the  same  law,  in  which  case  the  original  distribution  might  be 
preserved.  On  the  other  hand,  low-energy  environments  may  produce  log- 
normal or  Poisson  bed  thickness  distributions. 


Lateral  Extent 

The  lateral  extent  of  a bed  is  of  particular  interest  for  purposes  of  prediction. 
Given  the  thicknesses  of  a group  of  beds  at  a geographic  point,  it  would  be 
desirable  to  know  how  thick  the  individual  beds  might  be  at  a certain  distance 
normal  to  the  sedimentary  strike,  and  thus  whether  they  might  constitute  a 
potential  petroleum  reservoir,  for  example. 

This  problem  may  be  attacked  by  either  of  two  methods,  both  of  which 
must  assume  that  thickness  change  follows  a fixed  law.  First,  a gross  indication 
of  lateral  bed-thickness  variation  is  provided  by  isopach  maps  of  stratigraphic 
units.  The  disadvantages  of  this  method  include  the  influences  of  tectonic 
deformation  on  unit  thickness  and  the  generally  imperfectly  known  strati- 
graphic relationships  of  the  unit  to  adjoining  rocks.  Second,  lateral  variation 
may  be  determined  over  a relatively  short  distance  in  a particular  outcrop, 
thus  establishing  an  index  of  thickness  change.  The  most  formidable  disad- 
vantage of  this  method  is  that  thickness  changes  over  a short  distance  are 
generally  so  small  that  they  may  be  obscured  by  local  compaction  and  tec- 
tonic effects.  This  latter  method  is  preferred,  however,  because  a large  sample 
will  tend  to  minimize  the  local  effects. 

A portion  of  the  section  studied  in  detail  at  Girtys  Notch  is  exposed  over 
an  average  bed  length  of  163  feet  in  a high  north-south  cut  (Figure  49). 
This  orientation  is  approximately  normal  to  the  depositional  strike  of  Type  I 
beds  and  parallel  to  that  of  Type  II  beds.  For  purposes  of  this  discussion  the 
algebraic  sign  of  thickness  change  is  positive  if  the  bed  is  thicker  at  the  base 
of  the  cut  (south)  and  negative  if  the  bed  is  thicker  at  the  top  of  the  cut  (north). 
Several  beds  were  visibly  correlated  from  the  base  to  the  top  and  the  majority 
were  correlated  by  homotaxis;  beds  not  correlated  are  assumed  to  wedge  out 
(Figure  49).  Two  bodies  of  disturbed  bedding  at  the  base  of  the  cut  and  their 
correlative  beds  at  the  top  are  not  considered  in  the  discussion.  The  data  are 
summarized  in  Table  4. 
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Bose  of  Cut  Top  of  Cut 


E XP  LA  N AT  10  N 

■■  Shale 

1 1 Type  I bed 

1 1 1 ill  Type  n bed 

I)  \ >1  Disturbed  beds 

Contact  of  Type  I bed 

with  second  Type  I bed 

( Most  correlations  are  based 
on  visual  tracing  of  beds  ) 


- 20 
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FIGURE  49.  Lithologic  variation  at  Girtys  Notch. 
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TABLE  4.  Summary  of  data  on  bed  thickness  from  base  and  top  of  cut  at  Girtys  Notch.  All  thickness  data  in  inches. 
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Type  I Beds 

Seventy-six  Type  I beds  occur  in  the  section.  Of  these,  42  or  56%  with  a 
mean  thickness  of  3.0  inches,  are  correlated  from  the  base  to  the  top  of  the 
cut.  However,  the  correlated  beds  constitute  83%  of  the  thickness  of  all 
Type  I beds,  so  that  the  Type  I beds  which  wedge  out  are  relatively  thin,  in 
fact  averaging  less  than  one  inch.  The  average  change  in  thickness  of  corre- 
lated beds  over  163  feet  from  the  base  to  the  top  of  the  cut  is  —.64  inches,  and 
the  index  of  thickness  change  calculated  for  100  feet  along  the  beds  is  there- 
fore — .39  inches. 

Sixteen  Type  I beds  terminate  to  the  north  and  18  wedge  out  to  the  south. 
The  terminations  of  thin  beds  are  probably  the  result  of  deposition  from  a 
waning  current  on  an  uneven  floor. 


Type  II  Beds 

There  are  77  Type  II  beds  in  the  section  and  18  or  23%  are  correlated 
from  the  base  of  the  cut  to  the  top  (Table  4).  The  mean  bed  thickness  of 
correlated  Type  II  beds  is  1.7  inches.  The  correlated  beds  constitute  only 
34%  of  the  total  thickness  of  Type  II  beds  and  noncorrelated  beds  are  com- 
parable in  thickness.  For  163  feet  along  the  bed  the  average  change  in  thick- 
ness of  correlated  beds  is  negligible,  being  only  +.07  inches.  The  index  of 
thickness  change  is  also  small,  +.04  inches. 

Thirty-four  Type  II  beds  wedge  out  to  the  south  and  only  15  to  the  north. 
The  asymmetry  suggests  that  Type  II  beds  were  preferentially  deposited 
at  the  north  end  of  the  cut,  a suggestion  which  is  strengthened  by  the  low 
percentage  of  correlated  beds  and  by  current  direction  data.  The  low  index 
for  Type  II  beds  might  be  considered  typical  for  most  turbidity-current  de- 
posits, which  have  often  been  referred  to  as  exceedingly  planar. 


Shales 

A total  of  71  shale  beds  occur  in  the  section,  of  which  41  or  58%  are  cor- 
related (Table  4).  Correlated  beds  have  a mean  thickness  of  1.4  inches,  and 
their  total  thickness  constitutes  81  % of  all  shales  present.  Shales  are  simi- 
lar to  Type  I beds  in  that  noncorrelated  beds  are  relatively  thin,  with  a mean 
thickness  of  less  than  one  inch.  Seventeen  shales  apparently  wedge  out  to 
the  north  and  13  to  the  south. 

For  163  feet  along  the  bed,  the  average  change  in  thickness  of  correlated 
shales  is  +.44  inches.  The  index  of  thickness  change  is  calculated  to  be  +.27, 
somewhat  less  than  that  for  Type  I beds  but  much  greater  than  the  index 
for  Type  II  beds.  This  relationship  may  have  depositional  significance,  but 
perhaps  shale  thicknesses  are  only  more  strongly  affected  by  compaction 
and  tectonic  deformation  than  are  Type  II  beds. 
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PALEONTOLOGY 

GENERAL 

The  study  of  fossils  in  the  Lfpper  Devonian  rocks  of  Pennsylvania  and  ad- 
jacent states  is  the  subject  of  a voluminous  literature  spanning  more  than  a 
century  of  research.  In  fact,  this  region  is  a classic  area  of  Devonian  bio- 
stratigraphy. No  attempt  was  made  in  this  study  to  determine  the  lateral  or 
vertical  distribution  of  the  various  types  of  fossils.  In  general,  however,  the 
abundance  of  many  marine  brachiopods,  pelecypods,  and  gastropods,  among 
others  demonstrates  that  the  Trimmers  Rock  was  deposited  in  a marine  en- 
vironment (Willard,  1939,  p.  235-238). 

TRACE  FOSSILS 
Description 

The  term  trace  fossil  refers  to  structures  resulting  from  animal  activity 
essentially  at  the  time  of  deposition  and  includes  such  varied  features  as 
tracks,  burrows,  and  feeding  marks  (see  Hantzschel,  1962,  p.  W177-W183). 
In  recent  work,  Seilacher  (1962)  discussed  in  detail  methods  of  distinguishing 
pre-  and  post-depositional  trace  fossils. 

Trace  fossils  are  abundant  in  the  Trimmers  Rock  Member  of  the  Fort 
Littleton  Formation  where  they  are  present  as  protuberances  on  graywacke 
soles.  Their  occurrence  is  noted  for  a majority  of  the  measured  units  in 
Appendix  A. 

Generally,  trace  fossils  in  the  Trimmers  Rock  are  of  two  types:  1)  linear 
forms  which  essentially  parallel  the  bedding  plane;  and  2)  equant  protu- 
berances which  intersect  the  bedding  plane  at  a large  angle.  Trace  fossils 
parallel  to  the  bedding  plane  are  elongate  in  one  direction,  having  a maxi- 
mum observed  length  of  about  6 inches.  Most,  however,  are  two  to  three 
inches  long,  average  about  j/g  inch  wide,  and  fade  into  the  bedding  plane  at 
the  extremities.  Relief  is  variable  but  seldom  exceeds  34  inch  and  averages 
about  Lg  inch.  In  plan  view  most  bed-parallel  trace  fossils  are  linear,  but 
some  show  irregularly  curved  and  recurved  outlines.  The  genus  Planolites  is 
the  most  common  form.  Varieties  superficially  resembling  the  genera  Gran- 
ularia  and  Eophyton  are  common.  Eophyton  is  listed  as  a questionable  “fossil” 
possibly  of  inorganic  origin  by  Hantzschel  (1962,  p.  234).  Pteridichmtes 
biseriatus  Clarke  and  Swartz  (1913,  p.  545-546),  described  from  the  Upper 
Devonian  of  Maryland,  was  not  recognized  in  the  course  of  this  study.  One 
occurrence  of  a form  similar  to  Oldhamnia  was  observed  low  in  the  section 
at  Port  Jervis. 

Trace  fossils  which  lie  at  some  angle  to  the  bedding  plane  are  abundant 
and  generally  occur  in  association  with  bed-parallel  types.  In  fact,  a com- 
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plete  gradation  exists  from  equant  knobs  on  the  graywacke  sole  to  elongate 
linear  traces.  It  seems  probable,  therefore,  that  most  trace  fossils  represent 
burrows  or  feedingways  made  by  animals  which  moved  at  various  angles  to 
the  surface  of  sedimentation. 

Origin 

Two  possible  explanations  exist  for  trace  fossils  truncated  by  inorganic 
sole  marks:  1)  trace  fossils  are  casts  of  marks  left  by  animals  which  moved 
about  on  the  surface  of  deposition;  or  2)  trace  fossils  are  partially-eroded 
casts  of  burrows  made  by  organisms  which  moved  within  the  muddy  sub- 
stratum. The  necessary  condition  that  such  trace  fossils  originated  before  the 
overlying  bed  was  deposited  (pre-depositional)  is  satisfied  by  both  explan- 
ations. 

One  line  of  evidence  strongly  suggests  that  the  first  explanation  is  invalid. 
The  semi-cylindrical  shape  of  most  organic  casts  indicates  that  the  animal 
must  have  moved  at  least  partially  through  the  substratum  rather  than  above 
it. 

Several  other  lines  of  evidence,  while  not  conclusive,  strongly  favor  the 
generalization  that  pre-depositional  trace-fossil  casts  instead  represent  infilling 
of  partially  eroded  burrows.  The  nature  of  the  sediment-water  interface  dur- 
ing deposition  of  these  strata  is  not  known,  but  the  great  dominance  of  shale 
and  siltstone  indicates  that  suspended  and  loosely  consolidated  material 
may  have  formed  a relatively  thick  layer  above  the  more  solid  substratum. 
Any  trace  fossil  preserved  from  this  type  of  environment  would  be,  by  neces- 
sity, a burrow  rather  than  a track.  The  independent  evidence  of  erosion  dis- 
played by  many  graywacke  beds  in  the  Trimmers  Rock,  as  exemplified  by 
truncated  current-lamination,  is  perhaps  the  strongest  indication  that  erosion 
has  played  a role  in  formation  of  trace-fossil  casts.  An  erosive  current  of  com- 
paratively small  force  would  be  capable  of  removing  a layer  of  loosely-con- 
solidated silt-  and  clay-sized  particles.  Because  the  strata  of  the  Trimmers 
Rock  are  consistently  planar  the  current  must  have  been  effective  in  eroding 
sheet-like  masses,  as  suggested  by  Seilacher  (1962,  p.  232)  for  flysch  rocks  of 
Spain. 

Isolated  casts  of  equant  shape  and  considerable  relief  are  most  easily  ex- 
plained as  infilled  burrows  inclined  to  bedding  at  a high  angle.  Linear  casts, 
on  the  other  hand,  are  characterized  by  imperceptible  merging  with  the  sole, 
particularly  at  the  extremities.  Erosion  by  a current  moving  along  the  bottom 
might  best  explain  this  fading. 

The  most  reliable  criterion  for  recognition  of  post-depositional  trace-fossils 
(formed  after  deposition  of  the  overlying  bed)  is  penetration  of  the  graywacke 
sole  by  the  organic  structure.  In  rare  examples  the  trace  fossil  occurs  as  a 
linear  depression  on  the  graywacke  sole,  and  the  marginal  walls  of  the  struc- 
ture are  steeply  inclined  or  vertical.  It  is  difficult  to  imagine  how  the  mold 
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for  this  structure  could  have  formed  prior  to  deposition  of  the  superjacent 
graywacke  because  any  water  movement  would  have  destroyed  the  delicate 
steep-sided  ridge.  Formation  of  the  structure  by  an  organism  burrowing  a- 
long  the  mud-sand  interface  after  deposition  of  the  overlying  bed  appears  to 
be  the  only  logical  explanation. 

For  the  examples  where  relative  time  of  origin  is  established,  pre-deposi- 
tional  forms  are  considerably  more  abundant  than  post-depositional  ones.  It 
is  indicated,  therefore,  that  mud  burrowers  represented  a very  common  form 
of  life  during  deposition  of  these  strata.  Because  post-depositional  trace-fos- 
sils are  physically  similar  to  pre-depositional  forms  it  is  considered  likely  that 
many  post-depositional  structures  were  formed  by  these  burrowing  organisms 
trapped  beneath  the  accumulating  graywacke  bed.  As  such  they  are  termed 
entrapment  burrows  (Kuenen,  1957,  p.  253,  Seilacher,  1962,  p.  229). 

McAlester  (1960)  notes  that  the  pelecypod  genera  Nuculoidea  and  “ Nucu- 
lana ” of  the  New  York  Upper  Devonian  may  have  been  deposit-feeders,  in 
which  case  some  burrows  may  have  been  formed  by  these  animals.  Trace 
fossils  have  often  been  ascribed  to  the  burrowing  activity  of  worms  (Fuchs, 
1895;  Richter,  1927;  Seilacher,  1962),  and  this  interpretation  is  applied  to 
the  forms  which  occur  in  the  Trimmers  Rock.  Trace  fossils  have  been 
described  from  a wide  variety  of  depositional  environments  in  both  modern 
sediments  and  ancient  rocks  (see  Hantzschel,  1962,  p.  W178),  but  wide- 
spread restriction  of  genera  to  specific  environments  has  not  yet  been  accom- 
plished. Perhaps  the  most  significant  paleoecologic  implication  of  the  abun- 
dant worm  burrows  in  the  Trimmers  Rock  strata  is  that  bottom  sediments 
were  sufficiently  oxygenated  to  allow  organisms  to  exist.  Further  interpre- 
tations would  not  be  justified  by  the  evidence  available. 

FOSSIL-FRAGMENT  ZONES 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation,  in  contrast 
with  many  sedimentary  sequences,  contains  fossils  which  are  concentrated  in 
graywacke  beds  rather  than  in  shale.  Fossils  in  shale  are  rare  and  widely 
scattered;  their  occurrence  is  noted  in  Appendix  A.  Fossils  in  the  graywackes 
occur  in  abundant  zones  or  layers  at  the  base  of  the  bed. 

Fossils  in  such  zones  are  generally  fragmentary,  but  a few  layers  were  ob- 
served in  which  large  valves  of  brachiopods  and  pelecypods  and  complete 
gastropod  shells  constitute  the  bulk  of  the  zone.  The  most  common  fossils 
present  in  fossil-fragment  zones  are  various  types  of  bryozoans  and  broken 
crinoid  columnals  (Figure  50). 

Fossil-fragment  layers  constitute  the  basal  portion  of  the  graywacke  bed 
but  are  not  as  continuous  laterally  as  the  bed  itself.  Many  fragmental  layers 
wedge  out  laterally  in  barren  graywacke,  and  in  most  such  cases  there  is  a 
slight  rising  of  the  layer  in  the  bed  as  it  terminates.  In  a few  instances  the 
fossil-fragment  zone  constitutes  the  entire  bed,  but  generally  the  zone  is  from 
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FIGURE  50.  Cut  surface  of  fossil-fragment  layer  showing  traverse  lines  for  analysis  of  graded 
bedding.  Fossil  material  consists  of  fragmental  bryozoans,  crinoid  columnals,  and  broken  brachiopod 
and  pelecypod  valves.  Large  shale  chip  at  base  and  smaller  ones  scattered  throughout  the  sample. 
Scale  in  centimeters. 


an  inch  to  several  inches  thick  and  makes  up  less  than  half  of  the  bed.  The 
thickest  fossil-fragment  zone  observed  measures  14  inches  at  Nescopeck, 
Luzerne  County  while  the  thinnest,  represented  by  a single  layer  of  small 
fragments,  are  a fraction  of  an  inch  thick. 

As  shown  by  Frakes  (1962a,  1962b),  fossil-fragment  zones  are  vertically 
graded  with  mean  size  decreasing  steadily  upward.  In  origin  the  layers  are 
ascribed  to  the  same  process  which  causes  graded  bedding  in  barren  gray- 
wackes.  Currents  carrying  fossil  debris  deposited  the  fossil  fragments  early 
in  the  depositional  phase,  as  is  shown  by  the  localization  of  the  fragment  zone 
at  the  base  of  the  bed.  Rapid  energy  loss  in  the  current  is  suggested  as  the 
cause  of  deposition. 

The  fossil-fragment  layer  terminates  by  wedging  as  a body  into  the  sub- 
jacent shale  and  the  overlying  graywacke;  evidence  of  multiple  interdigi- 
tation  with  either  shale  or  graywacke  is  not  observed.  Frequent  rising  of  the 
fragmental  layer  above  the  base  of  the  graywacke  bed  is  associated  with 
marked  thinning  of  the  layer  and  slight  thinning  of  the  bed.  These  character- 
istics suggest  that  the  fossil-fragment  layer  was  deposited  by  a discrete  cur- 
rent, and  that  the  area  of  deposition  of  the  layer  was  determined  by  the  vol- 
ume of  fragmental  material  in  the  current. 

The  wedging  out  of  the  fossil-fragment  zone  is  physically  similar  to  wedge 
outs  of  sandstones  in  the  Upper  Miocene  Modelo  Formation  of  Southern 
California  (Sullwold,  1961,  p.  68).  Absence  of  interfingering  and  erosional 
contacts  along  the  boundaries  of  the  fossil-fragment  layer  demonstrates  that 
the  layer  and  its  enclosing  graywacke  were  deposited  as  one  sedimentation 
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unit  independent  of  finer  grained  material  accumulating  beyond  the  wedge 
out.  Sullwold  (p.  64)  has  further  suggested  that  turbidity-current  deposits 
are  characterized  by  abrupt  wedge  outs.  The  character  of  graded  fossil-frag- 
ment zones  in  the  Trimmers  Rock  indicates  that  graded  beds  wedge  out  from 
the  bottom  upward  as  one  approaches  the  extremity.  This  feature  may  serve 
to  distinguish  rocks  of  turbidity-current  origin  from  those  of  different  origins. 

Possibly  the  most  significant  paleontologic  relationship  in  the  Trimmers 
Rock  is  the  general  absence  of  fossils  in  shales  and  the  abundance  of  broken 
forms  in  the  graywackes.  These  characteristics  suggest  that  most  shells  were 
transported  by  the  currents  which  deposited  the  Trimmers  Rock  graywackes, 
but  not  by  the  water  bodies  which  carried  the  sediment  of  the  shales.  The 
paucity  of  fossils  in  place  suggests  that  few  animals,  other  than  those  which 
left  their  traces  as  burrows,  inhabited  the  depositional  area.  The  implication 
is  strong  that  fossils  in  the  fragmental  layers  were  moved  by  currents  of  high 
competence  from  areas  in  which  conditions  were  more  favorable  for  life,  pos- 
sibly from  shallower  water. 

Paleontologic  study  of  the  Trimmers  Rock  must  consider  that  fossil  assem- 
blages in  the  graywackes  have  been  transported.  A question  of  considerable 
importance  is  the  distance  of  transport,  but  an  estimate  of  this  distance  is  not 
possible  at  present  because  undoubted  source  beds  have  not  yet  been  located. 
Fossils  in  the  fragment  zones  are  likely  to  be  reliable  age  indicators,  but 
caution  should  be  used  in  paleoecologic  and  biofacies  studies.  McAlester 
(1960),  in  a study  of  paleoecologic  associations  of  New  York  Upper  Devonian 
pelecypods,  observed  that  mixing  of  several  ecologic  types  locally  occurs  in 
similar  fragmental  layers. 


DISTRIBUTION  OF  LITHOLOGIC  AND 
PALEONTOLOGIC  FEATURES 

INTRODUCTION 

In  describing  sections  of  the  Trimmers  Rock  Member  of  the  Fort  Littleton 
Formation,  several  lithologic  features  were  recognized  as  characteristic  of 
the  unit.  Some,  such  as  gross  rock  type,  are  highly  persistent  both  laterally 
and  vertically.  Others,  including  landslide  deposits,  are  restricted  geograph- 
ically and  stratigraphically.  A spectrum  of  variability  might  be  anticipated 
to  characterize  the  complete  set  of  lithologic  features  of  a stratigraphic  unit 
because  of  the  wide  variability  in  extent  and  duration  of  the  processes  which 
form  them.  In  many  cases,  however,  the  scale  of  observation  and  measure- 
ment prevents  refined  description  and,  hence,  determination  of  variability  of 
some  features.  This  is  exemplified  in  the  present  study  by  inability  to  detect 
the  relatively  small  variations  in  grain  size.  Although  all  characteristics  of 
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the  rock  may  be  significant,  the  worker  must  limit  his  observations  to  those 
data  which  might  presumably  answer  his  questions. 

In  the  present  study,  observations  were  made  on  the  types  of  features  in- 
cluded in  Appendix  A;  the  regional  and  stratigraphic  variation  of  these  fea- 
tures is  the  subject  of  this  section.  The  simplest  type  of  observation  is  the  pres- 
ence or  absence  of  a certain  feature  or  attribute  such  as  a particular  rock 
type.  The  next  higher  level  of  observation  is  estimation  of  abundance  of  a 
feature.  A third  level  of  measurement  is  utilized  in  obtaining  directional  data, 
such  as  orientation  of  sedimentary  structures. 

Most  data  gathered  by  these  methods  are  summarized  in  maps  and  strati- 
graphic diagrams  constructed  for  the  purpose  of  showing  variability  of  lith- 
ologic features.  These  maps  are  most  useful  in  inferring  spatial  and  temporal 
distribution  of  processes  responsible  for  the  features  observed  and  for  deline- 
ating paleogeographic  trends.  A major  salient  in  the  Appalachian  structure 
in  this  region  makes  construction  of  palinspastic  maps  almost  impossible.  As 
a result,  all  maps  included  herein  are  constructed  on  the  present  base. 

DISTRIBUTION  OF  ROCK-TYPES 

In  general,  the  Trimmers  Rock  is  characterized  by  shale,  Type  I beds,  and, 
increasingly  toward  the  west  and  northwest,  Type  II  beds.  Because  they 
largely  represent  thin  Type  I beds,  Type  III  beds  are  grouped  with  Type  I 
beds  in  this  discussion. 

The  data  of  Figures  51  through  55  were  obtained  by  calculating  the  total 
thickness  of  each  rock-type  in  Siltstone  Units  3,  4,  and  5 from  the  percentage 
estimates  of  the  measurement  units  and  expressing  these  values  as  fractions 
of  the  total  thickness  at  each  station.  It  is  assumed  that  unmeasured  strata 
in  short  covered  intervals  would  not  significantly  change  the  values  calculated 
in  this  way  although  most  covered  intervals  likely  contain  high  percentages 
of  shale.  Stations  including  long  covered  intervals  are  queried  in  the  maps. 
These  maps  are  thus  similar  to  clastic-ratio  maps. 

Maps  for  informal  rock-  stratigraphic  units  other  than  3,  4,  and  5 were  not 
constructed  for  a variety  of  reasons.  First,  all  units  above  Siltstone  E'nit  5 
are  at  least  partially  replaced  laterally  by  Catskill  strata  or  the  Delaware 
River  Flags,  and  therefore  the  value  of  isolith  maps  for  these  units  is  ques- 
tionable. Second,  lenticular  units,  such  as  Siltstone  Unit  2,  are  sufficiently 
understood  from  the  isopach  maps  so  that  analysis  of  rock  type  distribution 
is  superfluous.  Third,  some  units  are  measurable  in  less  than  half  the  sections 
examined  because  of  a combination  of  faulting,  covered  intervals,  lateral  re- 
placement, and  lenticularity. 

From  consideration  of  these  units  together  with  their  isopach  maps  (Figures 
7,  8,  and  9)  several  facts  about  rock-type  distribution  are  apparent.  First, 
the  dominant  trend  of  isoliths  for  Type  I beds  and  conglomeratic  sandstones 
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FIGURE  51.  Isolith  map  of  percentage  concentrations  of  Type  I beds  in  Siltstone  Unit  3. 


FIGURE  52.  Isolith  map  of  percentage  concentration  of  Type  II  beds  in  Siltstone  Unit  3. 


DISTRIBUTION  OF  FEATURES 


85 


FIGURE  53.  Isolith  map  of  percentage  concentration  of  Type  I beds  in  Siltstone  Unit  4. 


FIGURE  54.  Isolith  map  of  percentage  concentration  of  Type  II  beds  in  Siltstone  Unit  4. 
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FIGURE  55.  Isolith  map  of  percentage  concentrations  of  Type  I beds  in  Siltstone  Unit  5. 


is  northeast,  and  they  enclose  lobate  areas  of  relatively  high  concentration 
which  are  concave  to  the  southeast.  Smaller  lobes  concave  to  the  east  lie 
westward  of  the  major  features. 

Second,  the  highest  percentage  concentrations  of  Type  I beds  and  conglo- 
meratic sandstones  are  centered  in  the  vicinity  of  Bowmanstown;  these  coin- 
cide roughly  with  the  area  of  greatest  thickness  for  Units  3 and  5.  Unit 
4,  thinning  regionally  to  the  southeast,  is  almost  a wedge-edge  at  Bowman- 
town,  but  is  composed  nearly  entirely  of  Type  I beds  at  that  locality. 

Third,  the  dominant  trend  of  isoliths  for  Type  II  beds  is  strongly  east- 
northeast,  and  contours  enclose  narrow  areas  of  highest  concentration  which 
open  to  the  east. 

Fourth,  there  is  a northwestward  migration  of  comparable  isoliths  for  Type 
II  beds  from  Unit  3 to  Unit  5.  This  is  in  agreement  with  the  regional  vari- 
ation of  the  base  of  the  Catskill  Formation  (Plate  1). 

Fifth,  Type  II  beds  are  absent  or  rare  in  the  southeasternmost  region  of 
the  study. 

Interpretations  of  these  characteristics  of  rock  type  distributions  are  given 
in  the  section  treating  paleogeography. 
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DISTRIBUTION  OF  COLOR 
General 

As  previously  noted,  rock  color  is  of  primary  importance  in  the  Upper 
Devonian  section  of  Pennsylvania  because  the  Catskill  Formation  is  distin- 
guished from  the  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation 
by  the  presence  of  mappable  hues  of  red  (Hoskins  and  others,  1963,  p.  161- 
162).  The  regional  stratigraphic  position  of  these  lowest  Catskill  red  beds 
reveal  the  temporal  and  spatial  characteristics  of  the  deltaic  deposition. 
Similarly,  color  variation  within  the  Trimmers  Rock  is  of  significance  in 
environmental  reconstruction. 

Base  of  the  Catskill 

The  regional  isopach  map  of  the  Trimmers  Rock  Member  (Figure  4)  shows 
that  the  lowest  Catskill  red  bed  occupies  successively  lower  stratigraphic  posi- 
tions from  northwest  to  southeast  in  Pennsylvania.  That  this  is  accomplished 
through  lateral  interfingering  with  the  Trimmers  Rock  is  suggested  in  Figure  3. 

The  regional  relationships  between  the  Trimmers  Rock  and  the  Catskill 
are  indicated  by  the  configuration  of  the  upper  line  in  Figure  56A.  This  line 
joins  all  points  denoting  the  lowest  occurrence  of  Catskill  red  beds.  The  hor- 
izontal line  below  represents  the  top  of  Shale  Unit  2,  the  datum  for  the  strati- 
graphic study. 

In  Figure  56A,  the  base  of  the  Catskill  is  lowest  in  the  south,  except  at 
Bush  Kill  and  Port  Jervis  where  the  Delaware  River  Flags  intervene  between 
the  Trimmers  Rock  and  lowest  red  bed.  From  south  to  north  (Stations  6 
through  13)  the  lowest  red  bed  occurs  at  successively  higher  stratigraphic 
positions.  The  base  of  the  Catskill  is  about  1500  feet  higher  in  the  section  at 
Shamokin  Dam  than  at  Marysville,  which  lies  37  miles,  S10W  of  Shamokin 
Dam.  From  Shamokin  Dam  east  to  Catawissa,  the  lowest  red  bed  occurs  at 
perceptibly  lower  positions  in  the  section  but  is  still  at  a much  higher  strati- 
graphic level  than  in  the  southern  tier  of  exposures  (Frakes,  1963). 

This  three-dimensional  picture  of  the  base  of  the  Catskill  over  a region  of 
several  thousand  square  miles  shows  that  the  Catskill  was  deposited  first  in  the 
southeast  and  progressively  later  toward  the  northwest. 

Reddish  Colors 

The  reddish  rocks  (Suite  J)  within  the  Trimmers  Rock  are  shown  by  the 
lower  irregular  line  in  Figure  56A;  this  line  represents  the  lowest  occurrence  of 
reddish  colors.  For  the  most  part  reddish  colored  rocks  are  concentrated  in 
the  lower  Susquehanna  Valley  although  small  amounts  are  present  immedi- 
ately below  the  Catskill  from  Marysville  east  to  Bowmanstown. 
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DISTRIBUTION  OF  GREEN  ROCKS 


DISTRIBUTION  OF  GRAY  ROCKS 


FIGURE  56.  Distribution  of  color  in  the  Trimmers  Rock. 
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The  fact  that  the  line  depicting  the  lowest  occurrence  of  reddish-colored 
strata  in  the  Trimmers  Rock  is  quite  irregular  with  respect  to  both  the  top 
of  Siltstone  Unit  2 and  the  base  of  the  Catskill  suggests  that  these  colors  have 
little  stratigraphic  value.  This  suggestion  is  strengthened  by  the  fact  that 
these  colors  are  not  mappable  in  the  field  while  the  basal  red  bed  of  the  Cats- 
kill is  mappable. 

Green  Colors 

The  lower  irregular  line  in  Figure  56B  represents  the  lowest  occurrence  of 
green  strata  in  the  Trimmers  Rock.  Greens  are  absent  from  the  section  east 
of  Bowmanstown,  but  rocks  of  these  colors  constitute  a large  portion  of  the 
Trimmers  Rock  throughout  the  remainder  of  the  region.  From  Bowmans- 
town to  the  Juniata  River  section  the  line  is  closely  parallel  to  rock-strati- 
graphic units  in  the  Trimmers  Rock  and  to  the  base  of  the  Catskill;  strati- 
graphic control  of  green  colors  is  strongly  indicated.  The  fact  that  reddish 
colors  of  the  Trimmers  Rock  do  not  occur  below  green  strata  suggests  the  de- 
pendence of  red  coloration  on  green. 


Brown  Colors 

The  regional  stratigraphic  position  of  the  lowest  brown  colors  is  shown  in 
Figure  56C.  Brown  colors  show  the  best  agreement  of  any  color  suite  with 
rock-stratigraphic  units  in  the  Trimmers  Rock.  From  Schuylkill  Haven  to 
Red  Cross  the  line  representing  the  lowest  occurrence  of  brown  rocks  shows 
comparatively  little  deviation  from  the  top  of  Shale  Unit  2. 

With  few  exceptions,  the  lowest  brown  rocks  lie  below  the  lowest  exposures 
of  reddish  and  green  strata.  As  noted,  the  cause  of  brown  coloration  appears 
to  be  limonitization  of  iron-bearing  minerals.  The  regional  abundance  of 
brown  colors  possibly  reflects  the  extent  of  this  process,  which  is  either  an 
earlier  stage  than  the  development  of  hematite  staining  or  is  operative  on  a 
more  widespread  suite  of  minerals.  The  latter  suggestion  is  more  in  accord 
with  the  apparent  stratigraphic  control  on  distribution  of  brown  colors. 


Gray  Colors 

The  distribution  of  gray  colors  is  shown  in  Figure  56D,  where  the  lowest 
line  represents  the  highest  occurrence  of  dark-gray  colors,  the  intermediate 
one  the  highest  medium  gray,  and  the  highest,  the  base  of  the  Catskill.  Ex- 
treme irregularity  of  the  plots  is  explained  by  localized  variations  in  gray- 
ness and  the  difficulty  in  differentiating  the  various  shades. 

The  most  significant  aspect  of  the  diagram  is  the  concentration  of  dark- 
gray  colors  at  the  base  of  the  section.  Additionally,  there  is  a general  rough 
parallelism  between  the  highest  dark-gray  rocks  and  the  base  of  the  Catskill. 
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Summary 

From  consideration  of  the  color  diagrams,  certain  generalizations  can  be 
made  about  distribution  of  color  in  Upper  Devonian  rocks  of  this  region. 
First,  there  is  an  ordered,  although  not  necessarily  complete,  sequence  of 
colors  encountered  in  traversing  a section  from  bottom  to  top.  The  lowest 
strata  of  the  Trimmers  Rock  are  dark  gray  and  are  often  associated  with 
dark  Type  II  siltstones  and  shales  of  the  Harrell  Member.  The  dark  grays 
grade  upward  into  medium-  and  light-gray  rocks  which  are  continuous  to 
the  top  of  the  Trimmers  Rock.  Brown  strata  usually  occur  above  the  highest 
dark-gray  rocks  and  are  in  turn  followed  by  first  green-colored  rocks  and  then 
those  of  reddish  hue.  Near  the  top  of  the  Trimmers  Rock,  therefore,  there  is 
a great  variety  of  color,  in  that  light-  and  medium-gray,  brown,  green  and 
reddish-colored  rocks  are  all  common. 

Both  brown  rocks  and  green  rocks  are  distributed  so  as  to  indicate  strong 
stratigraphic  control  of  color  while  gray  colors  and  red  colors  yield  incon- 
clusive evidence  of  control  because  of  wide  variability.  The  base  of  the  Cats- 
kill  Formation  occupies  successively  higher  positions  toward  the  northwest 
and  this  is  paralleled  by  other  colors  in  the  Trimmers  Rock. 

DISTRIBUTION  OF  LANDSLIDE  DEPOSITS 

Figure  57  depicts  variation  in  regional  and  stratigraphic  location  of  the  48 
layers  containing  evidence  of  subaqueous  landsliding  prior  to  final  deposition. 
In  considering  trends  in  lowest  occurrences  of  lithologic  features,  it  must  be 
remembered  that  long  covered  intervals  in  the  section  may  conceal  still  lower 
occurrences.  This  factor  is  at  a minimum  in  the  present  study. 

At  Port  Jervis,  evidence  of  landsliding  is  common  throughout  the  section, 
but  all  other  sections  display  concentrations  of  such  structures  above  a certain 
level  which  is  variable  in  position.  Considerable  variation  in  the  position  of 
the  lowest  structures  occurs  in  the  southern  tier  of  exposures  from  Port  Jer- 
vis to  Marysville,  but  a trend  upward  and  to  the  right  is  roughly  established 
by  the  Port  Jervis,  New  Ringgold,  and  Marysville  localities.  The  remaining 
stations  show  an  exceptionally  well-developed  trend.  The  lowest  occurrence 
of  landslide  deposits  clearly  traverses  the  section  upward  toward  the  north- 
west. 

Another  significant  aspect  of  the  distribution  of  these  structures  is  their 
restriction  to  the  thickest  portion  of  the  individual  siltstone  units.  This  is 
very  well  shown  in  Units  2,  3,  4,  5,  and  8,  and  less  well  in  Units  6 and  7. 

It  is  also  significant  that  these  structures  are  restricted  laterally  within  any 
given  siltstone  unit.  Thus,  Unit  3 occurrences  are  limited  to  three  stations, 
Unit  4 structures  to  three  stations,  Unit  5 to  four,  Unit  6 to  two,  Unit  7 to 
one,  Unit  8 to  three,  and  Unit  10  to  one  station. 
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3 indicates  silt  stone  unit  3 

No  horizontal  scale 

FIGURE  57.  Distribution  of  landslide  deposits. 

These  characteristics  of  the  regional  stratigraphic  distribution  of  laterally- 
moved  debris  are  of  utmost  importance  in  determining  basin  geometry.  The 
region  where  such  structures  came  to  rest  and  are  now  preserved  was  near 
that  of  thickest  accumulation  of  sediment. 

DISTRIBUTION  OF  FISSILITY 

In  the  measured  sections  (Appendix  A)  fissility  type  is  designated  by  the 
numbers  1,  2,  and  3.  Fissility  type  1 is  well-developed  or  good  fissility,  type 
3 is  poorly  developed  fissility,  and  the  rather  subjective  type  2 is  fair  or  inter- 
mediate in  degree  of  development.  Variation  of  these  characteristics  in  shale 
units  of  surface  sections  is  summarized  in  Figure  58. 

Fissility  is  best  developed  toward  the  south  and  east;  in  shales  of  the  north- 
western stations,  fissility  is  usually  poorly  developed.  Fairly  well  developed 
fissility  has  the  widest  distribution  but  is  concentrated  in  the  central  portion 
of  the  area  studied. 

More  detailed  information  can  be  gained  by  study  of  the  individual  shale 
units  in  the  diagram.  There  is  a general  decrease  in  the  development  of 
fissility  from  left  to  right  (southeast  to  northwest)  in  several  shale  units.  This 
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[ I Grade  I fissility  (good)  Lilli  lJ  Grade  2 fissility  (fair)  IHH  Grade  3 fissillty  (poor) 

Doshed  lines  span  stalions  where  little  or  no  information  is  avoilable  on  shale  units. 

No  horizontal  scale 


FIGURE  58.  Variation  of  fissility  in  shale  units  of  the  Trimmers  Rock. 

gradation  is  regular  in  Shale  Units  4,  6,  and  9;  less  perfect,  but  only  in  that 
the  intermediate  grade  is  out-of-place,  in  Shale  Units  3 and  8;  and  complicated 
by  reversals  in  Units  2 and  7.  Units  5 and  10  show  no  variation  in  fissility, 
and  no  data  are  available  for  Unit  1. 

Concentration  of  poor  fissility  in  the  northwest  and  good  fissility  in  the 
southeast  is  perhaps  best  explained  by  northwestward  migration  of  environ- 
ment as  with  other  lithic  features.  Several  factors  may  conceivably  have 
played  a part  in  causing  such  systematic  lateral  variations  in  fissility  in  shale 
units  of  the  Trimmers  Rock.  These  include:  1)  variation  in  intensity  of  tec- 
tonic deformation;  2)  variation  in  thickness  of  overburden;  3)  variation  in 
abundance  of  burrowing  organisms;  and  4)  variation  in  texture  of  the  shale. 

In  a general  way,  intensity  of  tectonic  deformation  in  Pennsylvania  in- 
creases southeastwardly  from  the  Appalachian  Plateau  (see  Gray  and  others, 
1960).  Sections  measured  in  this  study  have  therefore  been  subjected  to 
varying  amounts  of  deformation,  and  if  the  formation  of  fissility  is  indeed  re- 
lated to  major  structure,  the  observed  pattern  of  good  fissility  in  the  south- 
east and  poor  fissility  in  the  northwest  can  perhaps  be  attributed  to  this  fac- 
tor. It  is  not  possible,  however,  to  explain  the  northwestward  migration 
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through  time  of  poorly-developed  fissilitv  by  tectonism  alone.  If  regional 
structure  is  a factor,  it  is  not  the  only  one. 

Variation  in  amount  of  overburden  might  be  considered  as  a cause  of  vari- 
ation in  fissility  such  that  fissility  develops  with  increased  loading.  This  factor 
is  probably  not  of  prime  importance  because  many  thick  shales  showing  poor 
fissility  occur  below  shales  showing  well-developed  fissility. 

The  extent  to  which  burrowing  organisms  disrupted  the  internal  structure 
of  the  original  mud  undoubtedly  contributes  to  the  degree  of  development  of 
fissility  now  seen  in  the  rock.  It  is  likely  that  the  presence  of  stratification, 
representing  boundaries  between  thin  layers  of  differing  composition  or  grain 
size,  also  contributes  to  the  development  of  planes  of  fissility.  Breaking  of 
these  planar  features  and  mixing  of  the  constituent  materials  by  worms  or 
mollusks  removes  the  bed-parallel  fabric  resulting  from  deposition  and  hence 
inhibits  the  formation  of  planes  of  fissility.  This  process  cannot  be  responsible 
for  all  poorly-fissile  shale,  however,  because  many  rocks  of  this  type  contain 
little  or  no  evidence  of  animal  activity  on  bedding  planes. 

The  increase  in  abundance  of  poorly-fissile  shales  toward  the  northwest 
coincides  with  changes  in  other  lithologic  features,  for  example,  decrease  in 
concentration  of  Type  I beds.  This  strongly  suggests  that  variability  in  the 
depositional  processes  was  greatest  from  southeast  to  northwest.  It  is  there- 
fore considered  likely  that  regional  variation  in  fissility  is  in  part  the  result  of 
corresponding  variation  in  lithologic  character  of  the  shales. 

DISTRIBUTION  OF  TRACE  FOSSILS 

The  locations  of  measurement  units  containing  trace  fossils  are  plotted  on 
Figure  59.  In  interpreting  the  diagram  it  must  be  noted  that  trace  fossils  in 
the  Trimmers  Rock  are  best  seen  on  the  soles  of  graywacke  beds  although  the 
features  are  sometimes  observed  within  beds.  Such  factors  as  dip  of  the  beds 
and  extent  of  differential  weathering  may,  therefore,  establish  a bias  for  any 
particular  station. 

The  distribution  of  trace  fossils  in  the  Trimmers  Rock  appears  to  be  envi- 
ronmentally controlled,  but  not  to  the  extent  that  burrowing  and  benthonic 
organisms  were  restricted  entirely  to  one  small  portion  of  the  region  at  any 
given  time.  Rather,  the  evidence  suggests  that  these  animals  had  a wide 
range  of  adaptability  and  simply  concentrated  in  certain  favored  areas.  The 
locus  of  these  preferred  areas  is  irregularly  upward  toward  the  northwest,  in 
a manner  similar  to  the  stratigraphic  shifting  of  most  physical  features  of  the 
Trimmers  Rock. 

Another  significant  characteristic  of  the  distribution  is  the  relative  scarcity 
of  trace  fossils  near  the  top  of  the  sections.  Generally,  trace  fossils  are  also  less 
abundant  near  the  base  of  most  sections,  but  Bowmanstown,  Liverpool,  and 
Catawissa  are  notable  exceptions. 
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FIGURE  59.  Distribution  of  trace  fossils. 


DISTRIBUTION  OF  FOSSIL-FRAGMENT  LAYERS 

The  regional  stratigraphic  distribution  of  fossil-fragment  layers  is  shown 
in  Figure  60.  With  the  exception  of  the  Port  Jervis  section,  these  features  are 
abundantly  developed  in  all  sections  studied. 

The  development  of  fossil-fragment  layers  appears  to  be  closely  related 
to  the  lithostratigraphic  units  delineated  in  this  study.  That  is,  in  the  broad 
region  north  and  west  of  Schuylkill  Haven  the  lowest  occurrence  of  fossil- 
fragment  layers  tends  to  lie  near  the  base  of  Siltstone  Unit  3. 

Fossil-fragment  layers  occur  in  Siltstone  Unit  1 at  Port  Jervis  and  proges- 
sively  higher  in  the  region  westward  to  Schuylkill  Haven,  excluding  cov- 
ered sections.  In  this  region  there  is  thus  some  suggestion  of  systematic 
variation  within  individual  siltstone  units. 


DISTRIBUTION  OF  CROSS  STRATIFICATION 

The  regional  stratigraphic  distribution  of  cross  stratification  is  plotted  in 
Figure  61.  There  is  a marked  resemblance  to  the  distribution  of  fossil-frag- 
ment layers  (Figure  60.)  In  fact,  the  only  significant  difference  between  the 
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FIGURE  60.  Distribution  of  fossil-fragment  layers. 

two  plots  is  the  near  absence  of  cross  stratification  in  the  Schuylkill  Haven, 
Marysville,  and  Dromgold  sections  where  fossil-fragment  layers  are  common. 

The  parallelism  between  occurrences  of  cross  stratification  and  fossil-frag- 
ment zones  suggests  that  both  features  originated  under  similar  conditions. 
This  widespread  parallelism  is  perhaps  best  explained  by  reference  to  the 
individual  bed  which  contains  a fossil-fragment  layer.  Above  the  fragmental 
portion  of  the  stratum,  a series  of  cross  stratified  sets  is  commonly  present.  Al- 
though only  one  or  the  other  may  be  present,  the  common  association  of  the 
two  suggests  common  conditions  of  origin. 

DISTRIBUTION  OF  LOAD-STRUCTURES 

The  regional  stratigraphic  distribution  of  load-structures  is  shown  in  Figure 
62.  There  appears  to  be  good  stratigraphic  control  of  these  structures  in  the 
region  bounded  by  the  Liverpool,  Red  Cross,  Shamokin  Dam,  and  Cata- 
wissa  sections,  in  that  the  lowest  occurrence  is  approximately  at  the  same  level. 
Between  New  Ringgold  and  Millerstown,  on  the  other  hand,  intraunit  vari- 
ation is  marked.  The  position  of  the  lowest  load-structure  in  this  region  varies 
systematically  in  the  section  upward  toward  the  northwest. 
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FIGURE  61.  Distribution  of  cross  stratification. 

Apparently  the  stratigraphic  position  of  strata  containing  load-structures 
continues  to  be  lower  toward  the  east  except  for  a “high”  at  Bowmanstown. 
This  lack  of  load-structures  in  Siltstone  Unit  2 at  Bowmanstown  is  explained 
by  the  scarcity  of  Type  I beds  in  Unit  2 at  that  locality.  Instead,  Type  II  beds 
constitute  the  predominant  lithologic  type,  and  they  are  regionally  lacking 
in  load-structures. 

DIRECTIONAL  CURRENT-STRUCTURES 

GENERAL 

One  of  the  principal  reasons  for  undertaking  a detailed  lithostratigraphic 
study  in  conjunction  with  sedimentologic  investigations  is  that  in  this  way 
variation  in  type,  size,  and  orientation  of  sedimentary  structures  may  be  de- 
tected within  relatively  thin  stratigraphic  bodies.  The  most  significant  results 
of  such  parallel  studies  are  twofold:  ^determination  of  relationships  between 
rock  unit  character  such  as  thickness  or  sand-shale  ratio,  and  the  type,  size, 
and  orientation  of  sedimentary  structures;  and  2)  determination  of  the  flow- 
history  of  a current  by  consideration  of  the  areal  variability  of  sedimentary 
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FIGURE  62.  Distribution  of  load-structures. 


structures  in  a few  closely-spaced  strata.  The  first  result  leads  to  such  impor- 
tant paleogeographic  generalizations  as  location,  orientation,  and  migration 
through  time  of  submarine  paleoslopes.  The  second  result  has  both  paleo- 
geographic and  paleo-environmental  significance  in  that  the  course  of  the 
current  can  be  charted,  variations  in  its  physical  characteristics  can  be  ascer- 
tained, and  relationships  to  bathymetry  may  be  deduced. 


PREVIOUS  WORK 

The  directional  current-structures  of  the  nonred  Upper  Devonian  rocks  of 
Pennsylvania  and  New  York  have  been  examined  by  several  authors  (Shel- 
don, 1929;  Rich,  1951;  Kuenen,  1956;  Sutton,  1959;  Mclver,  1960,  1961; 
Frakes,  1961;  Leeper,  1963). 

Sheldon  (1929)  observed  the  orientation  of  lee-side  cross-lamination  associ- 
ated with  ripple  marks  in  the  section  from  the  Sherburne  Sandstone  to  the 
Enfield  Shale  at  Cayuga  Lake,  New  York.  In  this  ‘"Portage”  section,  she 
noted  that  orientation  of  the  laminae  shifted  from  roughly  northwest-south- 
east to  north-south  upward  from  the  base  of  the  Sherburne  to  the  middle  of 
the  Enfield.  From  this,  Sheldon  concluded  that  the  currents  which  deposited 
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the  Sherburne  flowed  from  the  northeast  but  that  through  time  the  direction 
of  current  flow  shifted  clockwise  so  that  currents  flowed  from  the  east  during 
deposition  of  the  Enfield. 

In  studying  the  same  region  Sutton  (1959)  noted  variation  in  the  orienta- 
tion of  flute  casts  from  the  base  of  the  Sherburne  Sandstone  to  the  Cayuta 
Formation.  Thus,  the  Cashaqua  Formation  contains  flute  casts  indicating 
currents  from  the  southeast  while  flute-casts  in  both  older  and  younger  units 
suggest  westwardly  flow. 

Mclver  (1960,  1961)  studied  the  arenaceous  rocks  of  the  nonred  Upper 
Devonian  throughout  the  Appalachian  region.  On  this  regional  scale  Mclver 
found  that  currents  which  deposited  the  “Portage  facies”  flowed  generally 
westward  and  that  currents  which  deposited  the  “Chemung  facies”  flowed 
toward  the  northwest.  By  observing  variation  in  the  orientation  of  directional 
current-structures  through  four  stratigraphic  sections,  Mclver  demonstrated 
this  clockwise  shift  from  the  base  of  the  “Portage”  to  the  top  of  the  “Che- 
mung” (1961,  pp.  270-284).  The  mean  direction  at  the  base  was  shown  to 
be  significantly  different  from  the  mean  direction  at  the  top  of  the  section 
in  three  of  four  cases. 

In  a local  study  of  the  nonred  Upper  Devonian  in  central  Pennsylvania, 
Frakes  (1961)  noted  east  to  west  transport  and  found  that  some  currents 
moved  from  south  to  north. 

Leeper  (1963)  found  that  ripple  marks  and  associated  structures  of  the 
“Chemung”  of  Somerset  County,  Pennsylvania  indicated  currents  which 
flowed  from  east  to  west. 


RIPPLE  MARKS 

In  the  region  of  this  study,  ripple  mark  is  the  most  abundant  directional 
current-structure  observed.  Most  ripple  marks  in  the  Trimmers  Rock  Mem- 
ber of  the  Fort  Fittleton  Formation  show  only  slight  asymmetry,  and  it  is 
therefore  frequently  difficult  to  ascertain  the  direction  of  current  flow. 
Asymmetric  ripple  marks  in  the  central  portion  of  this  region,  however, 
yield  a consistent  direction  of  transport  toward  the  north  and  northwest.  It 
is  assumed  that  the  more  symmetric  ripples  conform  to  this  movement  pat- 
tern. 

The  orientation  of  145  continuous  ripple  marks  from  stations  1 through  14 
are  summarized  in  the  outer  circle  of  Figure  63.  The  arrows  plotted  on  the 
diagram  represent  current  directions  determined  from  16  asymmetric  ripples. 
Orientation  data  from  9 discontinuous  ripple  marks  are  shown  in  the  inner 
circle.  All  ripple  marks  summarized  in  this  rose  diagram  occur  in  Type  I 
beds. 

A fair  estimate  of  the  mean  direction  of  ripple-forming  currents  may  be 
obtained  by  inspection  of  the  diagram.  The  modal  class  of  the  distribution  of 
symmetric  ripples  (61°-75°,  in  the  first  quadrant)  indicates  currents  flowing 
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FIGURE  63.  Rose  diagram  of  ripple-mark  orientation  at  stations  1 — 14.  Outer  circle:  plot  of 
orientation  of  145  continuous  ripple  marks  in  Type  I beds.  Arrows  represent  current  directions  deter- 
mined from  1 6 asymmetric  ripples.  Inner  circle:  plot  of  orientation  of  9 discontinuous  ripple  marks 
in  Type  I beds.  V.M.:  vector  mean  of  16  current  directions  determined  from  asymmetric  ripple 
marks  = 352°. 


along  a trend  of  about  160°-340°.  The  sense  of  this  flow,  as  given  by  the  mode 
of  flow  directions  deduced  from  asymmetric  ripple  marks,  is  approximately 
340°.  This  compares  favorably  with  the  vector  mean  (Curray,  1956)  of  the 
16  asymmetric  ripples,  calculated  to  have  a value  of  352°. 

The  orientation  of  discontinuous  ripple  marks  is  nearly  coincident  with  the 
orientation  of  continuous  ripple  marks  as  judged  by  comparison  of  the  data 
in  Figure  63.  This  further  supports  the  contention  that  discontinuous  ripple 
marks  are  oriented  in  the  same  manner  as  continuous  structures  with  re- 
spect to  the  depositing  current. 

Ripple  marks  are  notably  scarce  in  Type  II  beds.  Only  one  occurrence  was 
observed,  in  Siltstone  Unit  6 at  Girtys  Notch.  This  structure  is  oriented  N45W 
and  is  apparently  symmetrical. 

The  vector  mean  of  ripple  mark  data  in  this  region  (352°)  is  quite  different 
from  that  obtained  from  66  ripples  summarized  from  south-central  Pennsyl- 
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vania  (309°).  It  is  likely  that  the  geographic  separation  of  the  two  regions 
accounts  for  this  sizable  divergence.  For  Type  I beds,  ripple-forming  currents 
in  eastern  Pennsylvania  flowed  dominantly  to  the  north,  and  those  in  the 
south-central  part  of  the  state  flowed  toward  the  northwest. 

SOLE  MARKS 

Flute  casts,  groove  casts,  and  prod  casts  in  Type  I beds  at  stations  1-14 
are  plotted  in  Figure  64.  The  vector  mean  for  flute  casts  is  279°  and  for  prod 
casts  is  268°.  A vector  mean  for  groove  casts  was  not  calculated  because 
these  structures  yield  a current  trend  rather  than  a current  sense.  The  modal 
class  of  groove  casts,  however,  includes  the  vector  mean  for  flute  casts  and  is 
adjacent  to  that  of  prod  casts,  indicating  that  currents  which  produced  sole 
marks  in  this  region  flowed  chiefly  toward  the  west. 

The  problem  immediately  apparent  is  the  coincidence  of  these  currents 
with  northerly-flowing  currents  indicated  by  ripple  marks  in  Type  I beds  of 


FIGURE  64.  Orientation  of  sole  marks  in  Type  I beds  at  stations  1—14.  Outer  circle:  orientation 
of  95  groove  casts.  Second  circle:  orientation  of  16  flute  casts;  V.M.:  vector  mean  of  flute  casts  = 
279'.  Inner  circle:  orientation  of  7 prod  casts;  V.M.:  vector  mean  of  prod  casts  = 268°. 
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the  same  region.  Collectively,  Type  I beds  thus  contain  sole  marks  indicating 
flow  to  the  west  and  also  ripple  marks  indicating  flow  toward  the  north.  In 
a few  examples,  associated  beds  show  divergent  directions,  one  containing 
ripple  marks  showing  northward  flow  and  another  sole  marks  showing  west- 
ward flow.  Within  single  beds,  however,  sole  marks  and  ripple  marks  give 
nearly  parallel  flow  directions.  In  no  single  bed  were  widely  divergent  flow  direc- 
tions observed. 

Because  of  relative  position  in  the  bed,  it  might  be  supposed  that  sole  marks 
delineate  the  early  flow  direction  of  a current,  and  ripple  marks  trace  the 
direction  of  later  movement.  From  this,  it  might  be  suggested  that  currents 
which  marked  the  substratum  flowed  westwardly  and  were  deflected  clock- 
wise to  a northwardly  flow'  in  their  later  ripple-forming  stages.  The  regional 
relationships  in  the  Catskill  delta  and  physical  variation  with  the  Trimmers 
Rock  (Figures  51-62)  suggest  instead  that  gravity-driven  currents  flowed 
northward  in  their  early  stages  and  were  deflected  counterclockw'ise,  prob- 
ably by  velocity  loss,  to  westw'ardly  flow.  Thus,  on  a regional  basis,  ripple 
marks  form  at  earlier,  higher-energy  levels  of  flow  than  sole  marks. 

The  lack  of  divergent  flow-directions  in  single  beds  further  suggests  that 
deflection  was  the  result  of  a regional  rather  than  a local  cause.  If  deflection 
of  these  gravity-driven  currents  resulted  from  velocity  loss,  the  most  likely 
cause  would  be  a regional  decrease  in  the  slope  of  the  floor.  Closely  associated 
beds  showing  divergent  directions  might  merely  represent  deposits  from  cur- 
rents originating  at  widely  separated  places  or  at  different  stages  of 
deflection. 

The  discussion  of  directional  current-structures  has  thus  far  dealt  with 
structures  in  Type  I beds.  The  intimately  associated  Type  II  beds  display 
sole  marks  as  the  dominant  structure,  but  even  these  are  infrequently  ob- 
served because  the  soles  of  Types  II  beds  are  seldom  exposed  by  weathering. 

Figure  65  shows  the  orientation  of  sole  marks  from  Type  II  beds  at  stations 
1-14.  The  most  obvious  characteristic  of  the  plot  is  the  narrow'  dispersion  a- 
bout  the  vector  mean  of  269°.  In  contrast  to  data  from  Type  I beds,  there  is 
no  evidence  of  current  deflection  in  Type  II  beds.  Sole  marks  in  Type  II 
beds  indicate  that  this  rock-type  was  deposited  by  currents  which  flowed, 
with  little  variation,  from  east  to  west. 

Perhaps  the  source  area  for  Type  II  beds  lay  considerably  farther  to  the 
east;  the  high  percentage  of  matrix  in  Type  II  beds  favors  a greater  distance 
of  transport.  Or  perhaps  Type  II  beds  were  laid  down  during  the  very  late 
stages  of  currents  depositing  Type  I beds.  In  their  late  stages,  currents  de- 
positing Type  I beds  essentially  paralleled  the  westward  flow  of  currents  de- 
positing Type  II  beds.  This  relationship  strongly  suggests  that  Type  II  cur- 
rents flowed  parallel  to  and  below  the  break  in  slope  which  deflected  Type  I 
currents. 

Close  interbedding  of  Types  I and  II  showing  divergent  paleocurrent  di- 
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FIGURE  65.  Orientation  of  sole  marks  in  Type  II  beds  at  stations  1-14.  Outer  circle:  orientation 
of  7 groove  casts.  Inner  circle:  solid  arrows — orientation  of  2 flute  casts;  dashed  arrow — orientation 
of  prod  cast.  V.M.:  vector  mean  of  all  sole  marks  = 269°. 


rections  can  be  easily  explained  by  a number  of  methods:  variations  in  veloc- 
ity, density,  and  distance  from  the  source,  lateral  spreading  of  the  currents 
as  they  wane,  and  irregularities  in  the  floor. 


PALEOGEOGRAPHY 

GENERAL 

During  the  Middle  and  Late  Devonian,  eastern  Pennsylvania  was  an  area 
of  active  sediment  accumulation,  mostly  in  a marine  environment  as  indicated 
by  organisms  preserved  in  the  rocks  (Willard,  1939).  This  marine  aspect 
applies  to  portions  of  the  Catskill  Formation  as  well  as  to  the  nonred  section 
(Claypole,  1885;  Frakes,  1961;  Dyson,  1963). 

To  explain  the  geographically  variable  position  of  the  base  of  the  Catskill, 
Barrell  (1913,  p.  465)  postulated  that  the  Upper  Devonian  rocks  of  the  Appa- 
lachian region  were  deposited  in  the  form  of  a large  delta  which  built  north- 
westward through  time.  Rich  (1951),  Mclver  (1960),  and  Sutton  (1960, 
1963)  attempted  to  distinguish  the  topset,  foreset,  and  bottomset  units  of  this 
delta  in  the  rocks  of  the  succession.  For  the  Upper  Devonian  of  the  central 
Appalachians,  Mclver  (1960)  proposed  a north-south  source  region  which 
changed  trend  to  northeast-southwest  through  the  epoch,  and  which  shed 
detritus  toward  the  west  and  northwest. 


PALEOGEOGRAPHY 


103 


Although  Barrell  (1913)  made  a concerted  effort  to  show  that  the  Catskill 
Formation  is  of  sub-aerial  origin,  his  conclusion  is  doubtful  in  light  of  modern 
understanding  of  the  origin  of  such  features  as  red  coloration  and  ripple 
marks.  That  the  Catskill  was  in  part  deposited  above  sea  level  seems  quite 
likely,  however,  and  the  delta  model  satisfactorily  explains  the  rock  distri- 
butions on  a regional  scale. 

From  study  of  the  sedimentary  features  of  the  Upper  Devonian  section  in 
the  Appalachians,  Rich  (1951)  concluded  that  the  rocks  of  the  “Portage” 
facies  contain  delta  bottomset,  foreset,  and  topset  beds  on  a local  scale.  Al- 
though the  postulated  interrelationships  of  these  three  environments  are  only 
locally  demonstrable  and  the  recognition  criteria  are  too  general  to  be  of 
great  value,  the  study  was  significant  in  that  the  presence  of  a depositional 
slope  was  recognized.  Subsequently,  students  of  these  rocks  have  exploited 
the  theoretical  relationships  between  paleoslope  and  flow  direction  of  gravity- 
driven  currents  to  infer  the  strand-line  orientation.  From  the  predominant 
east  to  west  transport  indicated  by  sole  marks  in  the  “Portage”  facies,  Mclver 
(1960,  1961)  postulated  a strand-line  paralleling  the  present  Atlantic  coast. 
Frakes  (1961,  1963)  suggested  that  relatively  shallow  water  lay  to  the  south 
of  the  Valley  and  Ridge  Province  in  Pennsylvania  during  the  Late  Devonian 
because  gravity-driven  currents  moved  north-northwestwardly. 

Sutton  (1957)  suggested  that  gross  lithofacies  patterns  in  the  Upper  Devon- 
ian rocks  in  the  Appalachians  might  result  from  deposition  in  two  en  echelon 
troughs  oriented  northeast-southwest. 

THE  PALEOSLOPE 
Evidence  for  a Paleoslope 

The  lines  of  evidence  for  a paleoslope  come  from  several  considerations. 
Most  significantly,  common  graded  bedding  in  the  Trimmers  Rock  Member 
of  the  Fort  Littleton  Formation  indicates  that  the  depositing  currents  were 
closely  controlled  by  bottom  configuration.  Graded  bedding  forms  by  the 
settling  of  particles  from  suspension.  The  moving  water-body  is  therefore  a 
type  of  suspension  current  in  which  the  motive  force  results  from  density 
contrast  with  the  surrounding  envelope.  The  current  moves  in  response  to 
gravity  and  its  own  momentum,  and  in  a direction  strongly  dependent  on 
bottom  configuration  if  velocity  is  low.  Since  such  a current  tends  to  seek 
the  bathymetrically  low  areas,  the  conclusion  that  regional  flow  is  parallel 
to  the  direction  of  slope  seems  justified. 

The  existence  of  the  paleoslope  is  also  indicated  by  other  structures  which 
originated  through  gravity.  Bolster  structures  and  angular  blocks  in  many 
examples  give  evidence  of  downslope  movement  due  to  gravity  sliding  and 
viscous  flow.  The  lowest  stratigraphic  position  of  these  structures  roughly 
marks  the  juncture  between  sediments  deposited  on  the  slope  and  those  de- 
posited on  the  floor. 
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The  regional  thickening  and  coarsening  of  most  siltstone  units  toward  the 
southeast  suggests  that  a paleoslope  existed  late  in  the  depositional  history  of 
the  Trimmers  Rock  even  if  such  a feature  was  not  initially  present.  More- 
over, the  lower  stratigraphic  position  of  the  base  of  the  Catskill  red  beds 
toward  the  southeast  insures  that  shallow  water  lay  in  that  direction. 


Orientation  of  the  Paleoslope 

Barrell  (1913),  largely  on  the  evidence  provided  by  rock  distributions, 
postulated  a paleoslope  from  southeast  to  northwest  for  the  Upper  Devonian 
of  the  central  Appalachians,  and  regional  lithofacies  maps  (Sutton,  1957; 
Jones  and  Cate,  1957;  Ayrton,  1963)  clearly  show  coarsening  and  thickening 
of  the  Upper  Devonian  toward  the  south  in  eastern  Pennsylvania.  Mclver 
(1960,  1961)  utilized  sedimentary  structures  to  infer  a paleoslope  from  east 
to  west  for  the  “Portage”  facies,  from  the  east-southeast  for  the  “Chemung” 
facies,  and  from  the  southeast  for  the  Catskill  Formation.  It  is  difficult  to 
conceive  how  this  arrangement  can  be  made  to  fit  either  the  lithofacies  trends 
or  the  north-south  strand-line  postulated  by  Mclver. 

Several  facts  derived  from  integrated  stratigraphic  and  paleocurrent  stud- 
ies undertaken  here  suggest  that  a regional  paleoslope  was  inclined  from 
south-southeast  to  north-northwest  in  eastern  Pennsylvania: 

1)  Stratigraphic  relationships  between  the  Catskill  and  the  Trimmers 
Rock  (Plate  1)  show  that  the  shallow-water  Catskill  facies  occupies  suc- 
cessively lower  stratigraphic  positions  toward  the  south-southeast; 

2)  Individual  siltstone  units  within  the  Trimmers  Rock  thicken  toward 
the  south-southeast  (Figures  5-13); 

3)  Individual  siltstone  units  within  the  Trimmers  Rock  coarsen  toward 
the  south-southeast  (Figures  51-55).  Massive  conglomeratic  sandstones 
occur  only  in  the  extreme  south-southeast. 

4)  The  mean-flow  direction  of  gravity-driven  currents  as  deduced  from 
ripple  marks  is  from  the  south-southeast  for  Type  I beds  in  eastern 
Pennsylvania  (Figure  63). 

The  close  agreement  between  mean  current  direction  deduced  from  sole 
marks  in  Type  II  beds  (269°)  and  in  Type  I beds  (279°)  suggests  that  the 
same  bathymetric  feature,  perhaps  the  base  of  a slope,  controlled  the  direc- 
tion of  flow  for  both  types  of  currents.  Thus,  most  Type  I currents  moved 
generally  northward  in  their  early  history,  as  indicated  by  ripple  mark  ori- 
entation, and  were  deflected  at  the  foot  of  the  slope  to  the  westward  course 
required  by  sole  marks.  Type  II  currents,  originating  farther  to  the  east, 
traveled  along  the  base  of  the  slope  toward  the  west,  and  in  the  area  of  this 
study,  flowed  parallel  to  deflected  Type  I currents.  This  pattern  may  be  re- 
peated in  other  portions  of  the  delta  (Figure  66). 
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current  trends  throughout  the  delta. 
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In  south-central  Pennsylvania,  Type  I currents  initially  flowed  northwest- 
wardly and  some  were  possibly  deflected  in  an  analogous  manner  toward  the 
southwest.  It  is  suggested  that  a paleoslope  roughly  contemporaneous  with 
the  one  described  for  eastern  Pennsylvania  was  inclined  from  southeast  to 
northwest  in  the  south-central  part  of  the  state.  Perhaps  currents  from  east- 
ern Pennsylvania  actually  moved  westwardly  along  the  foot  of  a continuous 
slope  on  the  south  into  south-central  Pennsylvania. 


Migration  of  the  Paleoslope 

The  well-known  facies  relationships  in  the  Appalachian  Middle  and  Upper 
Devonian  sequence  strongly  indicate  migration  of  depositional  environments 
through  time.  In  effect,  the  shallow-water  Catskill  strata  built  progressively 
seaward  over  deeper-water  deposits  of  the  Trimmers  Rock.  The  foot  of  the 
paleoslope,  representing  the  juncture  between  slope  and  bottom  deposits 
migrated  seaward  through  time. 

Location  of  the  foot  of  the  slope  is  based  on  the  occurrence  of  landslide  de- 
posits in  the  measured  sections;  the  lowest  such  structure  in  a given  section 
separates  strata  related  to  the  slope  from  those  deposited  on  the  floor.  Quite 
likely,  the  lowest  observed  structure  does  not  accomplish  this  separation  pre- 
cisely, as  some  slides  may  have  moved  far  out  on  the  floor,  and  lower  unob- 
served structures  may  be  present  but  concealed;  separation  of  these  environ- 
ments is  intended  to  be  generalized  rather  than  specific. 

The  stratigraphic  and  geographic  distribution  of  slide  structures  is  shown 
on  Figure  57.  From  these  data,  Figure  67  was  constructed  to  show  migration 
of  the  foot  of  the  paleoslope.  The  heavy  lines  in  Figure  67  represent  the 
approximate  positionof  the  footof  the  paleoslope  for  Siltstone  LTnits  3 through 
8.  Because  the  data  are  plotted  on  a non-palinspastic  base  map  the  distances 
between  lines  are  too  small,  but  it  is  quite  likely  that  the  trend  is  valid.  Folds 
in  the  Valley  and  Ridge  Province  are  approximately  parallel  to  this  trend 
so  that  unrolling  of  the  tectonic  structure  would  merely  increase  the  spacing. 
Siltstone  Units  1,  2,  9,  and  10  are  not  plotted  because  of  insufficient  data. 

Through  time  the  foot  of  the  paleoslope  migrated  in  a direction  roughly 
parallel  to  N25W.  The  paleoslope  is  assumed  to  have  maintained  a nearly 
linear  trend,  chiefly  by  deposition  from  currents  which  moved  along  the  foot 
and  concentrated  their  loads  in  the  low  areas.  The  location  of  the  foot  of  the 
paleoslope  for  Siltstone  Unit  3 is  nearly  coincident  with  the  southeastern  limit 
of  occurrence  of  Type  II  beds.  This  close  agreement  between  two  indepen- 
dent lines  of  evidence  adds  strong  support  to  the  sedimentary  model 
presented. 
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FIGURE  67.  Migration  of  the  foot  of  the  paleoslope,  Siltstone  Units  3 through  8. 
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PALEO-ENVIRONMENTS 


General 

One  of  the  principal  methods  of  paleogeographic  reconstruction  involves 
delineation  of  paleo-environments.  This  may  be  accomplished  by  a number 
of  different  procedures,  all  of  which  are  imperfectly  developed  at  present, 
particularly  for  Paleozoic  rocks.  The  classification  of  invertebrate  faunal 
associations  into  paleoecologically  significant  groups  (McAlester,  1960)  gives 
most  promise  of  yielding  information  bearing  on  paleogeographic  reconstruc- 
tion in  rocks  of  the  Catskill  delta.  In  developing  such  a classification,  however, 
strong  consideration  must  be  given  to  environmental  clues  offered  by  the  rocks 
themselves  even  though  sedimentary  features  are  seldom  truly  diagnostic. 

For  the  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation  in  eastern 
Pennsylvania,  an  indicative  but  not  diagnostic  characteristic  is  present  in  the 
guise  of  graded  bedding.  For  these  rocks  graded  bedding  indicates  deposi- 
tion below  wave-base,  a somewhat  speculative  depth,  and  little  more.  On 
the  other  hand,  most  of  the  abundant  fossils  in  the  section  are  not  good  guides 
because  they  show  evidence  of  having  been  transported  and  redeposited. 
The  apparently  in-place  assemblages  noted  in  Appendix  A may  ultimately 
provide  answers  to  two  extremely  pertinent  questions:  1)  What  were  the  en- 
vironmental conditions  in  which  gravity-driven  currents  moved;  and  2)  From 
which  of  several  possible  environments  were  fossils  of  the  fragmental  layers 
transported? 

In  the  present  study,  two  paleo-environments  can  be  distinguished.  These 
are  the  slope  environment  and  the  floor  environment;  they  are  delineated 
on  the  basis  of  the  occurrence  or  non-occurrence  of  subaqueous  landslide 
structures. 


The  Slope  Environment 

The  rocks  above  the  lowest  observed  slide  structure  are  designated  as  de- 
posits of  the  slope  environment.  Lithologic  features  of  this  rock  suite  are 
generalized  in  Table  5.  With  proper  regard  for  geographic  variation,  which 
is  considerable  for  most  features,  the  following  characteristics  are  deduced  for 
the  slope  environment: 

1.  locally  unstable  slopes; 

2.  relatively  high-energy  gravity-driven  currents; 

3.  high  or  frequent  oxygenation; 

4.  relatively  abundant  epifauna; 

5.  widespread  muddy  substratum; 

6.  variable,  but  relatively  shallow  water.  Intermediate  neritic  (?). 


ENVIRON-  SLIDE  LITHOLOGY  COLOR  ATTRIBUTES  SED.  STRUCTURES 

MENT  DEPOS-  Rock  Sand  Red  Green  Brown  Gray  Fis-  Trace  Frag.  Rip-  Sole  Load  Cross 

ITS  Type  Type  sility  Fos-  Fos-  pie  Mark  Str.  Lam. 

Type  sils  sils  Mark 
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The  Floor  Environment 

The  rocks  occurring  below  the  lowest  slide  structure  are  considered  to  rep- 
resent sediments  deposited  on  an  essentially  flat  floor.  The  lithologic  fea- 
tures for  the  floor  environment  are  contrasted  with  those  of  the  slope  in 
Table  5.  From  these  generalizations  the  following  characteristics  are  deduced 
for  the  floor  environment: 

1.  essentially  flat  floor; 

2.  relatively  low-energy  gravity-driven  currents; 

3.  low  or  infrequent  oxygenation; 

4.  relatively  abundant  infauna; 

5.  widespread  muddy  bottom; 

6.  relatively  deep  water.  Deep  neritic  (?). 

THE  SOURCE  AREA 

The  earliest  attempts  at  paleogeographic  reconstruction,  summarized  by 
Barrell  (1913),  concluded  that  a landmass  of  considerable  size  was  situated  to 
the  southeast  of  the  Late  Devonian  sea.  The  large  volume  of  sedimentary 
rocks  in  the  Catskill  delta  led  these  observers  to  conclude  that  at  least  part 
of  this  source  area  lay  east  of  the  present  Atlantic  coastline.  However,  King 
(1959,  p.  60-62)  points  out  that  the  difficulties  inherent  in  postulating  a foun- 
dering continental  landmass  include  an  unlikely  transformation  of  the  sialic 
crust  to  simatic  material.  Any  reasonable  discussion  of  the  Catskill  source 
area  must  take  this  problem  into  account. 

Recent  sedimentological  studies  in  the  Appalachian  Paleozoic  (Pelletier, 
1958;  McBride,  1962;  Yeakel,  1962)  have  been  unanimous  in  reiterating  a 
southeastern  source  area  for  clastic  rocks  ranging  in  age  from  Upper  Ordo- 
vician (Martinsburg  Formation)  to  Lower  Pennsylvania  (Pottsville  Forma- 
tion). This  source  region  possibly  was  centered  on  the  present  Piedmont 
Province.  These  studies  have  also  succeeded  in  showing  the  existence  of  a 
paleoslope  inclined  toward  the  northwest  and  oscillating  in  position  through 
the  Paleozoic  Era.  The  present  investigation  establishes  that  similar  condi- 
tions prevailed  during  Late  Devonian  time. 

As  is  the  case  with  the  strata  of  the  Catskill  delta,  most  clastic  units  in  the 
central  Appalachians  thicken  southeastwardly  to  the  eroded  limit  of  outcrop. 
Examples  include  the  Martinsburg  (McBride,  1962,  p.  40),  Bald  Eagle  and 
Juniata  (Swartz,  1948,  p.  22),  Tuscarora  (Yeakel,  1962,  p.  1 522),  Bloomsburg 
(Hoskins,  1961),  Montebello  (Willard,  1939,  p.  196),  Pocono  (Pelletier,  1958, 
p.  1038),  and  Pottsville  Formations  (Pelletier,  1958,  p.  1060-1061).  None 
of  these  units  can  be  shown  to  be  exclusively  derived  from  a metamorphic 
and  igneous  terrain  and  several  are  known,  in  fact,  to  have  originated  largely 
from  pre-existing  sedimentary  rocks  (Pelletier,  1958,  p.  1061;  Yeakel,  1962, 
p.  1524).  Only  one  angular  unconformity,  between  the  Catskill  and  Pocono 
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Formations  (Trexler  and  others,  1961),  is  known  from  the  clastic  section,  but 
disconformities  occur  between  the  Martinsburg  and  the  Tuscarora  (Stose, 
1930)  in  south-central  Pennsylvania,  and  between  the  Bloomsburg  and  the 
Oriskany  (Swartz,  1939,  p.  36)  in  eastern  Pennsylvania. 

Taken  together,  the  stratigraphic  thickening  of  many  units  toward  the 
southeast  and  the  occurrence  of  several  unconformities  in  the  southeast  sug- 
gest that  Paleozoic  infilling  of  the  Appalachian  geosyncline  took  place  through 
a process  of  “cannibalism.”  Thick  wedges  of  clastic  rocks  accumulated  near 
the  source,  but  intermittent  uplift  through  the  Paleozoic  repeatedly  exposed 
these  great  thicknesses  to  erosion  and  redeposition.  Undoubtedly,  metamor- 
phic  and  igneous  rocks  of  the  Piedmont  Province  contributed  heavily  to  these 
clastic  wedges,  particularly  the  early  ones,  but  evidence  of  this  is  scanty  even 
in  the  near-source  areas. 

The  Middle  and  Upper  Devonian  section  of  the  Catskill  delta  shows  evi- 
dence of  derivation  from  a largely  sedimentary  terrane.  Clasts  in  the  con- 
glomerates are  overwhelmingly  vein  quartz;  undoubted  metamorphic  or 
igneous  clasts  are  rare  in  the  rocks  of  the  Catskill  delta.  The  Skunnemunk 
outlier  in  northern  New  Jersey  (Darton,  1894,  p.  371)  possibly  represents  a 
near-source  deposit;  clasts  in  this  coarse  conglomerate  are  predominantly 
quartzite  and  vein  quartz.  Buttner  (1965)  reports  igneous  and  metamorphic 
clasts  in  the  Catskill  Formation  of  eastern  New  York.  The  notable  scarcity 
of  feldspar  and  lithic  fragments  other  than  shale  in  the  graywackes  of  the 
Trimmers  Rock  indicates  that  any  crystalline  terrane  in  the  source  region  was 
well  removed  from  the  strand-line.  Additionally,  the  fine-grained  nature  of  the 
Trimmers  Rock  is  in  accord  with  the  hypothesis  of  a sedimentary  source  area. 

A likely  source  for  the  sediments  of  the  Catskill  delta  would  be  a broad  sub- 
aerial slope  occupying  the  present  site  of  the  southeastern  Great  Valley,  the 
northwestern  Piedmont,  and  possibly  a portion  of  the  Coastal  Plain.  This 
region  was  underlain  by  non-marine  and  marine  clastic  sediments  possibly 
ranging  in  age  from  Late  Ordovician  to  Middle  Devonian.  Southeast  of  this 
area  but  within  the  limits  of  the  present  continent,  the  crystalline  rocks  of  the 
Piedmont  were  exposed  in  higher  elevations  and  shed  debris  most  of  which 
accumulated  nearby. 

THE  CATSKILL  DELTA 

The  rocks  considered  in  this  study  constitute  a portion  of  the  Catskill  delta, 
remnants  of  which  are  exposed  as  far  south  as  southwestern  Virginia  and  as 
far  north  as  central  New  York.  The  form  of  this  structure  is  delineated  quite 
clearly  by  isopachs  and  lithofacies  lines  on  Figure  68.  A principal  objective 
of  this  study  is  to  fit  the  Pennsylvania  segment  of  this  delta  into  what  is  known 
of  the  whole  structure.  Once  this  is  accomplished,  perhaps  it  will  be  possible 
to  predict  trends  in  other  areas  lacking  in  detailed  study,  and  to  look  for 
similar  relationships  elsewhere  in  the  geologic  column. 
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FIGURE  68.  Isopach  and  lithofacies  map  of  the  Upper  Devonian  of  northeastern  United  States. 
Modified  after  Ayrton,  1963. 
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Isopach  and  isolith  trends  for  the  Trimmers  Rock  in  Pennsylvania  show 
close  parallelism  with  isopach  and  clastic  ratio  lines  of  the  total  Upper  De- 
vonian. This  is  demonstrated  when  Figure  68  is  compared  with  Figures  4-13 
and  51-55.  Since  paleocurrents  in  central  and  eastern  Pennsylvania  travelled 
both  normal  and  parallel  to  these  trends,  the  probability  is  good  that  paleo- 
currents in  the  Ohio-West  Virginia  region  moved  both  from  east  to  west  and 
from  north  to  south.  Additionally,  it  might  be  expected  that  paleocurrents 
having  a strong  northward  component  of  flow  were  instrumental  in  depos- 
iting many  of  the  strata  of  central  New  York.  Sutton  (1957)  has  already 
shown  that  the  Cashaqua  Formation  was  deposited  from  the  southeast. 

It  may  be  anticipated  that  the  depositional  conditions  deduced  for  the  area 
of  this  study  apply  as  well  to  rock-units  of  similar  lithologic  aspect  throughout 
the  Catskill  delta.  Hopefully,  the  foot  of  the  paleoslope  may  be  delineated 
from  eastern  New  York  to  southwestern  Virginia,  in  which  case  it  will  per- 
haps tend  to  parallel  the  trends  of  the  isopach  and  clastic-ratio  lines  of  Figure 
68  as  in  Pennsylvania. 
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APPENDIX  A 

MEASURED  SECTIONS 

Sections  measured  in  this  study  were  chosen  primarily  on  the  basis  of  com- 
pleteness of  exposure.  A few  of  the  sections  studied,  notably  those  at  Bush  Kill 
and  Dromgold,  contain  long  covered  intervals  and  hence  were  contrary  to 
the  general  method  of  selection.  Such  sections  were  chosen  because  they  pro- 
vide the  only  information  available  in  large  areas  or  because  they  lie  in  areas 
of  marked  stratigraphic  change.  Several  available  sections  were  not  measured 
because  they  are  in  close  proximity  to  better-exposed  sections,  others  be- 
cause they  contain  extremely  long  covered  intervals,  and  still  others  because 
of  structural  complications.  The  well  sections  (sections  15,  16,  17,  and  18), 
generously  made  available  by  W.  R.  Wagner  from  his  own  sample  descrip- 
tions, are  not  contained  in  this  appendix  but  are  summarized  on  Plate  I. 


FORMAT  OF  THE  TABLES 

Appendix  A consists  of  tables  rather  than  lengthy  lithologic  descriptions 
in  an  effort  to  make  presentation  of  the  data  more  compact.  Detailed  loca- 
tion information  for  each  measured  section  is  given  on  the  page  preceding 
the  section  description.  Specific  abbreviations  and  symbols  used  in  the  tables 
are  explained  on  the  page  preceding  Section  I. 

Each  table,  consisting  of  one  or  more  pages,  represents  the  measured  sec- 
tion at  the  locality  indicated  by  the  heading  at  the  top  of  the  page.  The  tables 
are  divided  into  a number  of  rows,  each  representing  one  measured  unit,  ex- 
cept where  several  rows  are  utilized  to  give  information  in  the  Miscellaneous 
column.  Every  fifth  row  bears  the  number  of  the  measured  unit  to  which  the 
data  of  the  row  applies. 

The  19  columns  of  the  table  provide  a method  of  listing  the  observed  char- 
acteristics for  each  measured  unit.  Headings  at  the  top  of  the  tables  describe 
the  'information  listed  in  each  column;  the  general  nature  of  this  information 
is  discussed  in  the  following  remarks. 

LTnder  the  heading  “Unit  No.”  is  given  the  number  of  the  unit  described 
in  the  row.  Unit  number  1 is  the  first  unit  below  the  lowest  observed  red 
Catskill  shale  or  the  lowest  occurrence  of  the  Delaware  River  Flags,  whether 
this  is  a covered  interval  or  not.  Successive  units,  including  covered  intervals, 
are  numbered  consecutively,  although  only  every  fifth  one,  for  purposes  of 
clarity,  is  marked  in  the  table.  The  third  column,  “Total  Thicxness”  re- 
cords cumulative  thickness  of  the  section  totaled  from  the  top  of  unit  1 and 
including  all  covered  intervals. 
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Under  “Color”  letter  designations  (see  page  of  abbreviations)  of  the  ap- 
propriate color  suites  are  given  for  each  unit.  In  the  case  of  multiple  entries 
for  one  unit,  the  colors  are  given  in  order  of  abundance. 

“Grain  size”  column  5,  contains  the  estimated  mode  of  grain  size  of  the 
coarser  beds  in  the  unit.  The  entry  “silty”  is  utilized  to  designate  units  of 
silty  shale  when  coarser  beds  are  not  present.  Additional  grain  size  notations 
are  given  on  the  page  of  abbreviations. 

The  next  four  columns  are  headed  “%  Lithology”  with  sub-headings  for 
Type  I,  Type  II,  Type  III  beds,  and  shale.  Entries  in  these  four  columns  rep- 
resent estimated  amounts  of  each  rock-type,  the  figures  necessarily  totaling 
100%  for  each  unit.  The  following  three  columns,  10,  11,  and  12,  contain 
estimates  of  average  bed  thickness  for  Type  I,  Type  II,  and  Type  III  beds 
in  each  unit. 

Column  13,  under  the  heading  “Fissility”  contains  the  number  1,  2,  or  3 
depending  on  the  character  of  fissility  in  shale  of  the  unit.  Fissility  designa- 
tion 1 relates  to  well-developed  fissility,  designation  3 to  poorly-developed 
fissility,  and  designation  2 to  fissility  of  intermediate  character.  The  notation 
“ptg.”  is  listed  for  those  units  where  shale  occurs  only  as  thin  partings. 

In  column  14,  headed  “Fossils”  qualitative  estimates  of  the  abundance 
of  fossil-fragment  layers  where  present  in  a unit  are  given  by  numbers  1 
through  4.  Designation  1 refers  to  relatively  abundant  layers,  2 to  very  com- 
mon, 3 to  common,  and  4 to  rare  occurrences. 

In  column  15,  two  entries  are  made.  The  first,  relatively  uncommonly 
used,  refers  to  the  presence  of  distinctive  large  trace  fossils  (L),  and  the  second 
applies  to  the  more  abundant  smaller  trace  fossils  (S). 

Column  16,  “Cross  Bedding”  contains  estimates  of  the  abundance  of  cross 
bedding  where  present  in  a unit.  Again,  grades  of  abundance  are  indicated 
by  use  of  the  numbers  1 through  4,  1 being  abundant,  2 very  common,  3 
common,  and  4 rare. 

Column  17  is  marked  with  an  X if  loaded  structures  are  present. 

Column  18,  “Mvt.”  is  marked  with  an  X if  evidence  of  lateral  movement 
of  pillows  and  angular  blocks  is  present.  Type  of  evidence  for  each  occurrence 
is  given  in  the  Miscellaneous  column.  Some  indefinite  examples  are  marked 
with  a query. 

Under  “Misc.,”  general  remarks  are  made  about  the  unit.  Abbreviated 
terms  are  commonly  used  as  a space-saving  device;  they  are  defined  in  the 
list  of  abbreviations.  Notation  of  unusual  lithologic  features  which  are  not 
covered  by  the  preceding  columns  are  included  in  this  column.  Boundaries 
of  the  major  rock-stratigraphic  units  are  indicated,  and  cultural  features  of 
the  measured  section  are  also  listed  in  order  to  facilitate  retracing  of  the 
section. 
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LIST  OF  ABBREVIATIONS  AND 


Abbreviations 


abund. 

abundant 

N. 

ang. 

angular 

O.T. 

argill. 

argillaceous 

opp. 

bdg. 

bedding 

P.P.  (Pwr 

bldg. 

building 

peb. 

blk. 

block 

Ptg- 

calc. 

calcareous 

qtz. 

cgl. 

conglomerate 

R.R. 

cgltic. 

conglomeratic 

S. 

char. 

charcoal 

sec. 

cleav. 

cleavage 

sh. 

cont. 

continued 

si. 

conv.  bdg. 

convolute  bedding 

sph. 

cor. 

corner 

stain. 

cov. 

covered 

str. 

crink. 

crinkled 

struct. 

discont. 

discontinuous 

tect. 

dk. 

dark 

traf. 

E. 

east 

vert. 

fiss. 

fissi  lity 

W. 

foss. 

fossils  in  place 

weath. 

frag. 

fragments 

wt. 

gran. 

granules 

yel. 

gy- 

gray 

intersect. 

intersection 

irreg. 

irregular 

isol. 

isolated 

lam. 

laminated 

lentic. 

lenticular 

_L 

lg- 

large 

< 

It. 

light  colored 

> 

max. 

maximum 

med. 

medium 

Grain  Size: 

cs — coarse  silt,  vf — very- 

■fine  sand,  f— 

sand,  c — coarse  sand,  silty — silty  shale 


SYMBOLS 


north 

overturned 

opposite 

pole)  power  pole 
pebbles 
partings 
quartz 
railroad 
south 
secondary 
shale 

slight  or  slightly 

spheroidal 

staining 

stream  or  strong 

structure 

tectonic 

traffic 

vertical 

west 

weathered 

white 

yellow 


Symbols 

attitude  of  stratification 
less  than 
more  than 
questionable 
number 

fine  sand,  m — medium 
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Color  Suite  Designations 

A.  . . .Blacks  (N  1,  N2). 

B . .Dark  Grays  (N3,  5 B 3/1). 

C.  . . .Medium  Grays  (N  4,  N 5,  5 B 5/1,  5 B 4/1,  10  YR  4/2). 

D.  . .Light  Grays  (N  6,  N 7,  5 Y 5/2,  5 GY  6/1). 

E.  . .Very  Light  Grays  (N  8,  10  Y 6/2). 

F . .Dark  Olive  Greens  (10  Y 5/4,  10  Y 6/6,  5 GY  5/2,  5 GY  3/2). 

G.  . .Light  Olive  Greens  (5Y  6/4,  10  Y 7/4,  10  GY  7/2). 

H.  . .Dark  Browns  (5Y  4/4,  5 YR  4/1,  5 YR  5/2,  5 YR  4/4,  10  YR  4/2). 
I . Light  Browns  (5  YR  7/2,  5 YR  6/4,  5 YR  6/2,  10  YR  6/6). 

J . Reds  (10  R 5/4,  10  R 4/6,  5 YR  3/4,  5 RP  4/2). 

K.  . . .Yellows  (5  Y 8/4,  5 Y 7/6). 

Section  1,  Port  Jervis,  N.  Y. 

Much  of  the  Middle  and  Upper  Devonian  section  is  exposed  along  the 
Delaware  River  in  Pike  County,  Pennsylvania  and  Orange  County,  New 
York.  These  exposures  occur  on  the  Port  Jervis  North  7j^-minute  quad- 
rangle. 

A section  of  flaggy  sandstones  with  negligible  amounts  of  shales  overlies 
the  highest  strata  of  Trimmers  Rock  lithology  north  of  a point  2100/  south 
of  41°25'00"N  and  2300'  east  of  74°45'00"W  on  the  river  bank  in  the  village 
of  Millrift,  Pennsylvania.  The  Trimmers  Rock  dips  gently  northwest  and  is 
exposed  from  this  point  south  along  the  west  bank  of  the  river.  Much  of  the 
exposure  south  of  the  railroad  bridge  is  accessible  only  by  boat  or  wading. 
South  of  a point  10,500'  north  of  41°22'30"N  and  2600'  east  of  74°45'00"W, 
the  section  is  concealed  on  the  Pennsylvania  side  of  the  river. 

At  a point  about  5500'  north  of  41°22'30"N  and  2400'  east  of  74°42'30"W 
on  the  bluff’s  bordering  the  river  on  the  New  York  side,  the  next  lower  ex- 
posures of  the  Trimmers  Rock  are  located.  The  interval  between  the  two 
points  described  occupies  about  700  feet  of  section  which  is  nearly  entirely 
concealed. 

The  measured  section  traverses  a paved  road  down  the  river  bluff  through 
a series  of  switchbacks  to  Routes  42  and  97  below.  Parts  of  this  section  are 
covered  and  others  are  duplicated  because  of  topographic  relief.  Road-cuts 
along  Routes  42  and  97  south  to  the  northern  outskirts  of  Port  Jervis  reveal 
sandstones  and  siltstones  of  bedding  Type  I interbedded  with  a more  dominant 
type  of  siltstone  which  is  dark  gray,  very  poorly  bedded,  and  cut  by  promi- 
nent joints  dipping  steeply  to  the  southeast.  The  latter  rocks  are  considered 
to  have  the  lithologic  characteristics  of  the  Mount  Marion  Formation.  At 
the  northern  limit  of  the  town,  Mount  Marion  siltstones  lie  in  sharp  contact 
on  126  feet  of  dark-bluish-gray  shales. 

Strata  of  Mount  Marion  lithology  at  the  base  of  the  section  are  listed  in 
the  columns  for  Type  II  beds,  and  the  columns  are  therefore  sub-titled 
“M.M.” 
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Stratigraphic 

Description 


PORT  JERVIS  SECTION 


Unit  No. 

Thickness 

Totol 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissility  | 

Fossils 

| Trace  Fossils! 

I Cross  Bed. 

[ Load.  Struc  I 

| Movement  | 

Miscellaneous 

I 

n 

nr 

Sh 

I 

n 

m 

16 

G 

f 

Delaware 

River  flags 

N.bank  at 

Hillrift 

1 

10 

10 

covered 

1% 

11% 

DC 

cs-f 

100 

? 

— 

small  hut 

3 

144 

DC 

II 

80 

20 

14 

3 

X 

broken  bed 

2% 

17 

D€ 

II 

40 

60 

14 

1 

X 

5 

1% 

18% 

DC 

II 

80 

20 

7 

1 

4% 

23 

C 

II 

10 

90 

5 

2 

X 

1% 

24% 

DC 

II 

100 

4 

X 

3% 

28 

C 

100 

1 

1 

29 

D 

cs-f 

100 

12? 

2 

X 

4"  sets  1081 

10 

5 

34 

C 

100 

1 

% 

34% 

D 

cs-f 

100 

3 

X 

6 

40% 

DC 

II 

10 

90 

9 

1 

isol.  foss. 

1% 

42 

D 

II 

85 

15 

10 

1 

X 

9 

51 

DC 

II 

10 

90 

8 

2 

15 

5% 

56% 

DC 

II 

25 

75 

8 

2 

X 

3 

59% 

D 

II 

90 

10 

6 

X 

5 

644 

DC 

II 

10 

90 

3 

1 

2% 

67 

DC 

II 

25 

75 

4 

2 

4 

clav  galls 

19 

8 

75 

D 

II 

10 

90 

3 

2 

bn  river 

bank,  50'  N. 

of  "Y"  in 

road 

2C 

75 

150 

covered 

21 

5% 

155% 

DC 

cs-f 

25 

75 

7 

2 

W.end  RR. 

cut 

22 

3 

158% 

C 

100 

1 

N.  60E.  10N. 

_Z_ 

165% 

DC 

cs-f 

60 

40 

6 

x 

X 

eroded  base 

14 

179% 

DC 

11 

40 

60 

6% 

? 

_25 

17 

196% 

DC 

II 

40 

60 

9 

3 

roadwav 

bridge.  91 

milettost  RR 

_2£ 

7_% 

204 

DC 

cs-f 

10 

90 

3 

2 

RR.  cut 

^_9% 

2134 

DC 

II 

10 

90 

2 

1 

X 

river  bank 

_z_ 

2204 

D 

II 

60 

40 

? 

X 

? 

_12_ 

2324 

II 

20 

80 

2 

2 

X 

30 

24 

235 

D 

M 

75 

75 

4 

3 

x 

X 

eroded  base 

7 

242 

D 

It 

50 

50 

6 

1 

X 

,-Zi. 

267 

covered 

6 

-273 

DC 

100 

3 

irrep.  fiss. 

_34 

5_ 

278 

__D 

cs-f 

75 

75 

6 

— 

— 

? 

bridge 

-35 

_4_ 

282 

DC 

cs-f 

_ 1£l 

_2£L 

2_ 

X 
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Stratigraphi  c 
Descri  ption 

PORT 

JERVIS 

SECTION 

Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

1 Fissility 

Fossils 

Trace  Fossils 

Cross  Bed. 

Load.  Struc. 

Movement 

Miscellaneou1 

I 

n 

in 

Sh 

I 

H 

in 

36 

6% 

288% 

DC 

cs-  f 

15 

85 

2 

3 

290 

D 

II 

90 

10 

6 

2 

clav  Balls 

6 

296 

D 

II 

75 

25 

4% 

3 

3 

299 

D 

It 

60 

40 

5^ 

2 

X 

40 

7% 

306% 

DC 

II 

25 

75 

• 2% 

2 

4 

310% 

C 

II 

10 

90 

4 

2 

X 

2% 

313 

C 

100 

1 

2% 

315% 

DC 

cs-f 

65 

35 

3^ 

1 

X 

4 

1 319% 

DC 

II 

55 

45 

3 

1 

3% 

323 

DC 

II 

25 

75 

3% 

1 

5 

328 

DC 

II 

75 

25 

3 

3 

2 

330 

D 

II 

60 

40 

10 

|2 

X 

4% 

334% 

DC 

II 

25 

75 

4 

2 

X 

6 

340% 

D 

II 

15 

85 

2^ 

1 

2 

X 

plant  frae 

50 

1 

341% 

D 

II 

60 

40 

4 

2 

X 

? 

ih 

343 

D 

II 

90 

10 

20 

3 

2 

X 

20 

363 

D 

II 

25 

75 

5 

2 

H 

jLn 

10  * 

373 

D 

II 

80 

20 

2% 

1 

"elephant 

feet"out- 

crop  along 

bank 

54 

30* 

403 

covered 

55 

10* 

413 

D 

cs-f 

80 

20 

12 

1 

56 

40* 

453 

D 

II 

25 

75 

3 

1 

57 

10 

463 

DC 

II 

85 

15 

16 

1 

X 

end  vert. 

cliffs 

58 

2 

465 

C 

cs-f 

10~ 

90 

Ik 

1 

9 

474 

DC 

II 

90 

10 

30 

3 

X 

60 

A i 

478% 

DC 

II 

75 

25 

9 

3 

X 

7 

4 85% 

DC 

II 

10  H 

90 

2 

1 

X 

15 

500%. 

DC 

II 

55 

45 

20 

3 

X 

9J> 

510 

D 

It 

45 

55 

6 

3 

X 

2 

512 

D 

II 

90 

10 

18? 

3 

X 

6_5| 

2 i 

514%_| 

D 

II 

20 

80 

3 

2 

5 

519%. 

DC 

II 

70 

30 

6 

1 

1 

. 8% 

528 

D 

II 

60 

40 

5 

3 

X 

...  4i 

532% 

D 

II 

45 

55 

3% 

2 

X 

4i 

537 

DC 

II 

90 

10 

3 

3 

X 

7 

eroded base 

70 

10 

547 

DC 

II 

60 

40 

2 

3 

s 

7 

554 

CB 

10 

90 

i 

1 

2 

10 

564 

DCB 

cs-f 

70 

30 

3 

1 

X 

eroded  base 

22% 

586%. 

_ CB 

II 

10 

75 

3 

i 

2 

3 

X 

_4J> 

591 

CD  i 

II 

60 

40 

2j% 

1 

X 

X 

eroded  base 

15. 

4 

535 

100 

1 

595..  . 

CD 

cs-f 

85 

15 

4 

x 

7 

605 

CD 

II 

20 

80 

2% 

2 

thins  to  N... 

^Estimated 
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Stratigraphic 
Descri  ption 


PORT  JERVIS  SECTION 


Unit  No.  j 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

>• 

t n 
</> 

Ll 

Fossils 

| Trace  Fossils | 

| Cross  Bed. 

I Load  Struc  1 

I Movement 

Miscellaneous 

I 

n 

in 

Sh 

I 

U 

m 

78 

4 

609 

CD 

cs-f 

90 

10 

6 

_L 

2 

X 

thins  to  N. 

79 

4 

613 

CD 

II 

70 

30 

7 

1 

s 

80 

3 

616 

CD 

If 

75 

25 

3% 

2 

s 

— 

11 

627 

CD 

II 

35 

65 

2% 

2 

thins  to  N. 

3% 

630% 

CD 

II 

70 

30 

,10 

3 

X 

6 

636% 

CD 

II 

60 

40 

2% 

3 

4% 

641 

CBD 

II 

80 

20 

9 

1 

85 

7 

648 

B 

100 

? 

isol.  foss. 

end  outcrop 

86 

700 

1348 

covered 

87 

6 

1354 

B 

cs-f 

80 

20 

3 

i 

top  of  bluff 

side  river 

88 

4% 

1358% 

B 

cs-f 

95 

5 

3 

3 

X 

road  cut 

4 

13621 

B 

II 

75 

25 

5 

3 

s 

X 

90 

2^ 

1365 

B 

II 

25 

35 

40 

7 

i 

3 

3 

1368 

B 

cs 

85 

15 

? 

i 

X 

3 

1371 

B 

75 

tr. 

25 

2 

3 

s 

5 

1376 

CB 

cs-f 

85 

15 

? 

3 

X 

4 

1380 

CB 

II 

80 

20 

4 

X 

x 

eroded  base 

95 

4 

1384 

B 

tr. 

100 

1 

102 

1486 

covered 

3 

1489 

CD 

cs-f 

95 

5 

2 

31 

road-cut 

3 

1492 

CBD 

II 

40 

tr. 

20 

40 

3 

3/4 

1 

X 

N.  50E.  16Nr“- 

2 

1494 

BC 

MM 

100 

MM 

silty 

100 

3* 

14973 

CBD 

cs-f 

45 

10 

25 

20 

3 

2 

1 

2| 

clay  galls 

71 

15681 

covered 

4% 

1573 

CD 

cs-f 

100 

40 

13% 

r 15863 

BC 

tr. 

100 

3 

sil  ty 

2£| 

1589 

CD 

cs-f 

r 90 

10 

24 

1 

X 

105 

7 

1596 

CBD 

II 

80 

20 

20 

3 

X 

? 

— 

14 

1610 

tr. 

100 

3 

8 

1618 

CD 

cs-f 

95 

5 

24 

1 

X 

5 

1623 

D 

II 

100 

12? 

X 

16251 

; CB 

tr. 

100 

3 

X 

110 

r- 

2 

116271 

l D 

cs-f 

100 

7? 

111 

3 

1630% 

D 

II 

95 

5 

12 

3 

X 

next  out- 

crop  in 

cut  is 

up-section 

1121 

fLfiCU 

ll79Q% 

covered 

_ 3 

1793% 

D 

cs-f 

100 

10 

X 

road-cut 

2 

1795% 

CB 

tr. 

100 

3 

115 

lk 

1797 

D 

cs-f 

100 

16 

X 

. 2% 

17991 

_ CB_ 

100 

3 

2% 

1807 

URD 

cs-f 

80 

_2Q_ 

18 

? 
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Stratigraphi  c 
Descri  ption 


PORT  JERVIS  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

| Fissility 

Fossils 

| Trace  Fossi  1 s | 

| Cross  Bed. 

| Load.  Struc.  | 

I Movement 

Miscellaneous 

I 

n 

nr 

Sh 

I 

n 

IE 

1% 

1803% 

CB 

XKL 

MW 

x 

119 

3 

1806% 

CBD 

cs-f 

70 

30 

10 

? 

eroded  hasp 

1.20 

1. 

1807% 

CB 

It 

90 

XX 

4- 

X 

i roriRf-fl  i n 

2 

1809% 

D 

II 

100 

8 

2 

1811% 

B 

II 

tr 

100 

1 

X 

4% 

1816 

CB 

cs-f 

30 

tr. 

70 

3 

3 

X 

5 

1821 

CBD 

It 

70 

30 

6 

3 

X 

125 

5% 

1826% 

CBD 

II 

70 

tr. 

30 

6 

X 

clay  galls 

113; 

1838 

CD 

II 

60 

40 

9 

3 

X 

X 

O. T. Pillows 

1% 

1839% 

D 

II 

100 

18 

irreg. base 

4% 

1844 

CB 

s 

70 

?% 

? 

2 

2 

1846 

B 

100 

X 

130 

2k 

1848% 

CD 

cs-f 

80 

20 

30 

3 

1 

1849% 

B 

100 

1 

2 

1851% 

CB 

cs 

85 

15 

2 

2 

33s 

1855 

D 

f 

80 

20 

7 

X 

X 

ang .blocks 

14 

1869 

CD 

cs-f 

1 5 

85 

6. 

2 

135 

4 

1873 

CD 

II 

80 

?0 

7 

2 

X 

6 

1879 

CD 

II 

1CL 

90 

.14- 

2 

4 

x_ 

48 

19 2X 

covered 

7 

1934 

CB 

cs 

15 

tr. 

70 

13 

1 

road-cut 

2\ 

1936% 

CB 

cs-f 

100 

15 

N.  50E . 16N.-1" 

140 

3 

1939% 

CB 

100 

1 

paper  shale 

242 

2181% 

covered 

142 

10 

2191% 

C 

s 

85 

15 

- 

4- 

2 

Routes  42 

& 97  at  "Y" 

intersectio 

143 

2196 

C 

cs-  f 

75 

25 

4% 

1 

3 

X 

road  cut 

5 

2201 

C 

II 

5 

tr. 

95 

14. 

2 

> 

145 

2 

2203 

CD 

cs 

90 

10 

5 

1 

X 

X 

eroded  base 

14 

2217 

C 

cs-f 

10 

tr. 

90 

9 

3 

4 

2230% 

CD 

II 

90 

10 

8 

1 

X 

P.P.  25351 

7 

2237% 

CB 

II 

90 

10 

12 

3 

s 

X 

X 

eroded  base 

9 

2246% 

CBI 

II 

10 

tr- 

20 

70 

2 

? 

2 

s 

150 

2248 

CBI 

cs 

95 

5 

4 

2 

X 

1% 

2249% 

CBI 

II 

70 

30 

6 

3 

X 

44 

2254 

CBI 

II 

20 

80 

? 

2 

X 

94 

2263% 

Cl 

II 

25 

75 

7? 

2 

4 

2 

X 

P.P. 25352 

13 

2276% 

Cl 

II 

70 

30 

7 

2 

4 

X 

argill. 

155 

124 

2289 

CBI 

II 

50 

50 

11 

2 

X 

P.P. 25353 

12 

2301 

covered 

14 

2301% 

Cl 

cs-f 

k 90 

10 

6 

2 

s 

84 

2311 

CBI 

cs 

90 

10 

14 

2 

argill. 

8.i. 

2319% 

covered 

160 

2329 

CBI 

cs 

95 

5 

2% 

2 

X 

str.  cleav. 

11 

2340 

coyer-ei 

S. 1 


: a 


f 


APPENDIX  A 


127 


Stratigraphic 

Description  PORT  JERVIS  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissility 

Fossils 

in 

in 

in 

O 

U- 

a> 

o 

o 

K 

| Cross  Bed. 

| Load  Struc  | 

1 Movement 

Miscellaneous 

I 

n 

IE 

Sh 

I 

n 

m 

54 

23454 

CBI 

CS-f 

65 

35 

10 

2 

X 

63 

6 

23514 

CBI 

tt 

15 

85 

8? 

2 

X 

64 

14 

23654 

Cl 

cs 

95 

5 

? 

2 

X 

65 

11 

23764 

CBI 

If 

70 

30 

4. 

1 

arglll. 

12 

23884 

Cl 

CS-f 

20 

70 

10 

14 

1:4 

1 

i 

X 

7 

23954 

D 

cs-f 

15 

65 

20 

IV 

14 

2 

A 

3 

23984 

DI 

cs 

100 

1 ' 

JL 

5 

24034 

DI 

tl 

90 

10 

3 

2 

A 

4"  sets 

70 

70 

24234 

BD 

tt 

100 

? 

14% 

2438 

B 

silty 

100 

4. 

1 

2^-39 

CB 

CS 

90 

10 

3 V 

L 

I 

lamina  ted 

73 

304 

24694 

B 

silty 

5 

95 

14 

) 

4 

plaque 

74 

33% 

2503 

BC 

CS 

10 

90 

1 

2 

X 

str. cl eav. 

75 

19 

2522 

DI 

cs 

95 

5 

? 

Jj 

N.  5 5F. . 24Nr*~ 

1 6 

126 

2648 

AB 

tr 

100 

1 

1 

si  dp.rl  te 

nnrln  I ps . 

Foot  of 

hill,  end 

— 

road-cut 

4~ 

| 
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Section  2,  Bush  Kill 

Good  exposures  of  the  upper  portion  of  the  Trimmers  Rock  occur  in  the 
rugged  terrain  bordering  Bush  Kill  in  Middle  Smithheld  Township,  Monroe 
County.  The  highest  rocks  exposed  in  the  vicinity  are  massive  gray  sand- 
stones, platey  siltstones,  and  red  shale  along  Route  402,  mile  south  of 
Ressaca  Falls  Boy  Scout  Camp.  Between  this  point  and  the  exposures  meas- 
ured, interbedded  Trimmers  Rock  and  massive  Delaware  River  sandstones 
are  poorly  exposed  in  several  gentle  folds  which  make  it  difficult  to  determine 
thickness.  It  is  likely,  however,  that  less  than  300  feet  of  section  lies  between 
the  section  measured  and  the  red  shales  of  the  Catskill. 

The  measured  section  begins  at  the  top  of  a high  knoll  on  the  east  bank  of 
the  Kill  7800'  south  of  41°07'30"N  and  2800'  east  of  75°05'00"W,  on  the 
Bush  Kill  73/2-minute  quadrangle.  Below  the  lowest  measured  unit  along 
the  Kill  at  5700'  north  of  41°05,00"N  and  4200'  east  of  75°05'00',W,  outcrops 
are  sparse  and  no  attempt  was  made  to  measure  the  section. 
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Stratigraphi  c 
Descri  ption 


BUSH  KILL  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

>* 

</l 

4/1 

ll 

Fossils 

| Troce  Fossils! 

| Cross  Bed. 

1 Load.  Struc  1 

c 

a> 

£ 

a> 

> 

o 

5 

Miscellaneous 

I 

n 

nr 

Sh 

I 

IT 

in 

Top  of  high 

bluff  alone 

F..  side  Kill 

1 

9% 

9% 

CB 

cs-f 

10 

90 

1% 

1 

65E . 1 IN.  -1- 

19% 

29 

I 

covered 

6 

35 

B 

cs-  f 

15 

85 

5 

1 

1 

36 

B 

II 

90 

10 

10 

3 

X 

5 

16 

52 

CBD 

II 

30 

70 

4 

1 

s 

1 

53 

CB 

II 

80 

20 

9 

1 

X 

3% 

56% 

CBD 

II 

20 

80 

4% 

1 

9 

65% 

CBD 

It 

25 

75 

4 

1 

5 

71% 

CBD 

II 

40 

60 

5 

1 

10 

8% 

80 

CBD 

II 

20 

80 

2 

1 

4 

7 

87 

CBD 

II 

30 

70 

3% 

1 

argill. 

14% 

101% 

CD 

II 

65 

35 

10 

1 

2 

X 

2 

103% 

D 

It 

50 

50 

14 

1 

X 

2 

105% 

C 

II 

20 

80 

1 

1 

15 

3% 

109 

DC 

II 

40 

60 

5 

1 

X 

? 

flow  struct 

L10 

119 

CD 

II 

40 

60 

6 

11 

hill  side 

3 

122 

CD 

II 

75 

25 

9 

1 

X 

X 

eroded  base 

2% 

124% 

C 

100 

1 



5 

129% 

D 

cs-f 

95 

5 

10 

X 

20 

6 

135% 

CD 

II 

25 

10 

i5 

2i 

3/4 

1 

4! 

4 

.1% 

137 

C 

100 

1 

138% 

D 

cs-f 

90 

10 

9 

X 

3 

141% 

C 

100 

1 

silty 

1 

142;% 

D 

cs-f 

100 

12 

X 

? 

25 

2 

144% 

D 

II 

100 

? 

X 



3% 

148 

D 

II 

85 

1.5 

6 

1 

X 

? 

1 

149 

D 

II 

100 

7 

.28 

_..Z_ 

156 

£ 

II 

? 5 

75 

8 

I 

^3- 

ronf.  1ri 

bed  to  S. 

29 

4 

160  J 

CBD 

cs-f 

20 

5 

75 

.5 

3/4 

1 

30 

15%_ 

175% 

CBD 

II 

15 

5^ 

80 

2% 

1 

1 

X 

18% 

194" 

CB 

11 

30 

70 

3 , 

L 

3 

197  ^ 

CB 

11 

40 

60 

3% 

1 

3 

200 

EL 

II 

. 90- 

10 

30 

3 

X 

17%. 

-217% 

CBD 

II 

25 

75 

4 

1 

35 

2 

_ 219% 

CBD 

II 

95 

3 

14 

1 

X 

2 

^221% 

CB 

100 

1 

,12  . 

.233% 

i covered 

9 . 

l 242% 

_C£D 

is-f 

15 

85 

3 

1 

75E.  1 7N.  -l- 

4%. 

Ik. 2. 

-CBD 

II 

-30- 

ZQ 

4 

1 

20j 

5 

252  _ 

CB 

II 

21Q. 

30 

3 

1 

JtU 

JjQ 

....262 

CRD 

II 

_Z3_ 

_22 

Z 

JL 
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Stratigraphic  BUSH  KILL  SECTION 

Description  


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

1 Fissility 

Fossils 

| Trace  Fossils  | 

| Cross  Bed. 

1 Load  Struc  1 

| Movement 

Miscellaneous 

I 

n 

nr 

Sh 

I 

n 

in 

42 

8 

270 

CBD 

cs-f 

60 

40. 

— fL_ 

_z 

/¥ 

277 % 

CBD 

ii 

80 

20 

14 

i 

4% 

282 

CBD 

it 

25 

75 

7 

i 

45 

4 

286 

CB 

m 

95 

5 

20 

i 

X 

308% 

CBD 

ii 

65 

35 

,10 

2 

X 

11^ 

320 

CBD 

ii 

40 

60 

4 

2 

7 

327 

CB 

ii 

90 

10 

12 

3 

X 

49 

13 

340 

CB 

u 

25. 

10- 

_2_ 

-E.sidp  kill 

cant, a I nng 

E.side  kill 

50 

16 

356 

CD 

cs-f 

80 

20 

14 

1 

X 

4 5F. . 1 7N . — 

3 

359 

C 

II 

20 

80 

9 

3 

2 

361 

CD 

II 

95 

5 

18 

1 

X 

5% 

366% 

CB 

II 

30 

70 

3 

2 

X 

isol. foss. 

3% 

370 

CD 

II 

80 

20 

10 

3 

X 

55 

10 

380 

CBD 

II 

20 

80 

6 

2 

s 

X 

5^ 

385% 

CBD 

II 

40 

60 

7 

1 

X 

5^ 

391 

CB 

II 

25 

75 

2% 

2 

4% 

395% 

CD 

II 

90 

10 

5 

1 

X 

9 

404% 

CBD 

II 

15 

8.5 

4 

2 

s 

isol . foss . 

60 

2 

406% 

CD 

II 

80 

20 

5 

1 

X 

2% 

409 

CB 

100 

2 

7 

416 

CBD 

cs-f 

60 

40 

7 

2 

6% 

422% 

CBD 

If 

70 

30 

9 

2 

6 

OO, 

CN; 

CBD 

II 

20 

80 

6 

2 

60E.  16N.  -1- 

65 

8 

436% 

covered 

9 

445% 

CB 

cs-f 

15 

85 

5 

2 

8% 

454 

covered 

14 

468 

CBD 

cs-f 

20 

80 

8 

2 

10 

478 

covered 

.10. 

3^ 

3 

CD 

1 

1 ca 

lo 

80 

20 

10 

1 

8 

489% 

CB 

II 

1 5 

85 

5 

2 

5 

8% 

498 

CBD 

II 

75 

25 

8 

1 

4 

5 

503 

CD 

II 

85 

1 5 

8 

3 

isol. foss. 

24 

527 

CB 

II 

20 

80 

4 

3 

X 

^75_ 

1L 

538 

CB 

II 

10 

9Q 

7 

3 

isol. foss. 

15 

553 

CB 

II 

35 

65 

2 

7 

50E.14N.  -1- 

11Q. 

663_ 

covered 

78 

41 

704 

B 

cs 

5 

95 

3/4 

1 

bend  to  E. 

j.n  kill 

79 

2Z_ 

731 

covered 

_8Q_ 

JL2_  . 

750 

- B.C_ 

£S-_ 

massive 

Mount  Marior 

65E . I8N.  -1- 
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Section  3,  Bowmanstown 

Section  No.  3 was  measured  along  Routes  29  and  45  in  Lower  Towamen- 
sing  Township  partly  in  the  Borough  of  Bowmanstown,  Carbon  County  and 
on  the  Mauch  Chunk  15-minute  quadrangle.  Other  continuous  sections  are 
exposed  in  the  vicinity:  in  cuts  along  the  railroad  below  Routes  29  and  45; 
in  railroad  cuts  north  of  Bowmans,  East  Penn  Township,  on  the  west  side 
of  the  Lehigh  River;  and  vertical  beds  in  roadcuts  north  of  Lehighton  on 
Route  209.  The  section  at  Bowmanstown  was  selected  because  it  is  the  most 
continuous  and  the  least  affected  by  structure.  Widening  of  Routes  29  and 
45  resulting  in  new  high  cuts  through  the  Trimmers  Rock  and  lower  Catskill 
was  begun  in  the  summer  of  1962,  after  measurement  of  the  section  was  com- 
pleted. The  highway  construction,  while  obliterating  the  measured  exposure, 
has  completely  exposed  the  upper  95  percent  of  the  section  in  new  cuts. 

The  section  as  measured  begins  in  north  dipping  Trimmers  Rock  at  a 
point  9500'  south  of  40°50'00"N  and  1200'  west  of  75°40,00"W  and  termi- 
nates at  a point  about  11,1 00'  south  of  40°50,00"N  and  1000'  west  of 
75°45'00"W. 
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Stratigraphic 

Description 


BOWMANSTOWN  SECTION 


Unit  No. 

Thickness 

Totol 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

1 Fissility 

Fossils 

| Trace  Fossils i 

1 Cross  Bed. 

1 Load.  Struc. 

I Movement 

Miscellaneous 

I 

n 

nr 

Sh 

I 

IT 

in 

17 

red 

65 

35 

2 

Catskill  in 

road-cut . 

crest  of 

rise 

1 

5J 

5% 

J 

f 

100 

30? 

10 

15% 

G 

1! 

100 

24 

laminated 

9 

24% 

K 

m-c 

80 

20 

12 

1 

4 

clay  galls 

131 

38 

I 

f 

85 

15 

18 

3 

X 

157=  covered 

5 

4 

42 

C 

m 

90 

10 

_2i. 

_%_ 

70E . 56N. 

19 

61 

GC 

n 

100 

30? 

X 

plant  frags 

10 

71 

DC 

! 1 

100 

22 

X 

clay  galls 

71 

78% 

D 

It 

65 

35 

5 

1 

X 

clav  ealls 

4 

82% 

DC 

It 

100 

12 

X 

10 

31 

86 

DJ 

f-m 

100 

10 

micaceous 

14 

100 

DC 

m 

90 

10 

? 

1 

X 

clay  galls 

131 

113% 

G 

f 

20 

80 

ik 

1 

laminated 

501 

164 

covered 

24 

188 

GC 

f-m 

100 

16 

X 

si.  lam. 

15 

81 

196% 

GC 

f 

95 

5 

4 

1 

argill. 

10 

206% 

GC 

ii 

75 

tr. 

25 

5% 

2 

s 

13 

219% 

GC 

cs-f 

90 

10 

18 

2 

X 

51 

225 

C 

cs 

15 

85 

3/4 

1 

4 

81 

233% 

G 

cs-f 

75 

25 

4 

2 

4 

areill. 

20 

21 

254% 

GC 

cs 

5 

tr. 

95 

3 

2 

siltv  sh. 

12 

266% 

GC 

II 

25 

75 

1 

2 

4 

61 

273 

DC 

cs-f 

25 

75 

2k 

1 

18 

291 

covered 

4 

295 

DC 

cs-f 

100 

20 

X 

25 

3 

298 

DC 

II 

90 

10 

4% 

3 

s 

8 

306 

DC 

f-m 

85 

1 5 

1 5 

2 

X 

5% 

311% 

C 

cs-f 

35 

30 

35 

6 

1 

X 

7 

318% 

DC 

II 

85 

10 

5 

1? 

1 

X 

X 

eroded  base 

11 

329% 

C 

cs 

10 

90 

% 

3 

4 

4 

siltv  sh. 

30 

5 

334% 

C 

cs-  f 

40 

60 

6 

3 

X 

? 

2 

336% 

C 

II 

55 

45 

2 

1 

3 

339% 

C 

II 

30 

70 

4 J 

3 

X 

11 

341 

C 

100 

2 1 

4 

ri45 

DC 

cs-  f 

20 

15 

65 

2 

1 , 

3 

4 

siltv  sh. 

35 

21 

1—342%. 

D 

II 

100 

PTG 

30 

3 

350% 

DC 

II 

35 

1 5 

50 

\\ 

l 

3 

siltv  sh. 

41 

355 

D 

II 

85 

1 5 

5% 

1 1 

3 

5_ 

360 

DC 

II 

95 

tr 

5 

2 

3 

4 

3 

X 

12 

372 

DC 

II 

20 

10 

70 

3 

1 

3 

siltv  sh. 

A Q_ 

_1CL 

DC 

II 

40 

60 

4 

607.  cnvPTpd 

_lM% 

DC 

II 

70 

30 

3 

1 

2 

X 

3^ 

390 

II 
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_5_ 

_3_ 

i4_ 
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Unit  No 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

| Fissility  | 

I Fossils 

| Trace  Fossils | 

| Cross  Bed.  ii 

6 

3 

U 

55 

■6 

o 

o 

-1 

1 Movement 

Miscellaneous 

I 

n 

nr 

Sh 

I 

n 

m 

43 

"24V 

414% 

DC 

cs-f 

75 

25 

3 

3 

4 

3 

siltv  sh. 

44 

6 

420% 

C 

It 

20 

20 

60 

2 

i 

3 

45 

9 

429% 

C 

II 

95 

5 

9 

3 

A 

laminated 

10 

439% 

C 

II 

20 

55 

10 

15 

4 

2 

3 

lb. 

441 

D 

II 

100 

, 9 

1 

5 

446 

C 

75 

5 

20 

i% 

% 

3 

5 

451 

C 

cs-f 

80 

20 

3% 

3 

1 

50 

13 

464 

C 

II 

100 

PTG 

10? 

3 

2 

X 

4 

468 

C 

II 

90 

10 

5 

3 

2 

16 

484 

C 

II 

95 

5 

16 

3 

3 

4^ 

488% 

DC 

II 

80 

20 

14 

3 

4 

X 

10 

498% 

C 

II 

35 

65 

3% 

3 

X 

siltv  sh. 

55 

2 

5001; 

C 

II 

10 

90 

4 

2 

7 

507% 

C 

II 

100 

PTG 

14 

3 

514 

C 

II 

80 

tr, 

20 

6 

3 

4 

5 

519 

C 

II 

100 

? 

sheared 

16% 

535% 

C 

II 

65 

35 

10 

2 

laminated 

60 

6 

541% 

C 

II 

100 

70% 

X 

*% 

546 

C 

II 

50 

30 

20 

3 

i 

3 

X 

9b 

555% 

C 

II 

95 

5 

14 

3 

4 

9 b 

565 

C 

II 

85 

15 

5 

3 

3 

22 

587 

C 

II 

70 

20 

10 

7 

2 

3 

4 

X_ 

65 

4 b 

591% 

C 

II 

90 

10 

4% 

2 

4% 

596 

DO 

II 

45 

55 

lb 

2\ 

3 

599 

DC 

II 

30 

70 

4 

3 

16 

615 

C 

It 

25 

75 

5 

3 

10 

625 

C 

II 

65 

35 

7 

3 

70 

8 b 

633% 

c 

II 

90 

10 

10 

3 

13 

646% 

c 

II 

90 

10 

8 

3 

£. 

X 

O.T.  load- 

cast 

18 

. 664% 

DC 

II 

25 

75 

5 

3 

siltv  sh. 

4 

668% 

c 

II 

85 

15 

4% 

3 

6 

674% 

PC 

II 

9Q 

10 

9 

2 

s 

2L 

75 

4* 

679 

c 

II 

35 

65 

34 

2 

6 

685 

c 

11 

90 

10 

7 

1 

s 

26 

711 

OP 

100, 

3. 

8 

719 

DC 

cs 

75 

25. 

3 

3 

areill. 

8 

727 

DC 

cs-f 

90 

10 

10 

2 

areill. 

JSL 

733% 

PC 

II 

95 

5 

4 

3_| 

X 

4 

7 37% 

PC 

II 

_30 

50 

3 

3 

3% 

741 

OP 

100^ 

2_ 

19V 

760% 

DC 

cs-f 

80 

70 

3 

areill. 

15 

775% 

0 

II 

20 

80 

4 ' 

2 

argill. 

JL5_ 

12 

-zaz%. 

-CB 

It 

5 

„J2i. 

2% 

,L 

43 

830% 

covprpd 

_Z_ 

J324 

DC 

-3Q_ 

_JiL 

1- 

■65E.A3Hs.T4r... 
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Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

Fissility 

Fossils 

Trace  Fossils 

Cross  Bed. 

| Load.  Struc.  1 

1 Movement 

Miscellaneous 

I 

n 

Sh 

I 

n 

m 

31 

841 

C 

cs-f 

75 

25 

3 

3 

89 

5 

846 

C 

cs 

20 

80 

i 

1 

90 

5% 

851% 

DC 

cs-f 

35 

10 

55 

2 

i 

2A; 

854 

C 

cs 

40 

60 

i 

1 

4% 

858% 

C 

cs-f 

10 

75 

15 

'2% 

2 

1 

4 

862% 

C 

II 

5 

85 

10 

3 

3% 

1 

2% 

865 

C 

cs 

90 

10 

1A 

2 

93 

31 

868% 

C 

cs-f 

70 

20 

10 

2 

i% 

2 

3^ 

871 

C 

cs 

90 

10 

i% 

2 

5 

876 

C 

II 

95 

5 

1 3 

3 

siltv  sh. 

4% 

880% 

C 

II 

90 

10 

l\ 

2 

6 

886% 

C 

cs-f 

15 

70 

15 

2% 

1% 

.2. 

100 

4 

890% 

C 

cs 

90 

10 

2% 

2 

argill. 

3^ 

896 

C 

cs-  f 

5 

75 

20 

3 

1 

1 

6 

902 

C 

II 

20 

70 

10 

3% 

2% 

3 

S 

argill. 

3 

905 

c 

II 

10 

70 

20 

3 

2 

1 

S 

.41 

909% 

c 

cs 

35 

65 

1% 

1 

105 

11 

920% 

covered 

16 

936% 

c 

cs 

20 

80 

1 

2 

4% 

941 

c 

II 

50 

50 

1 

1 

Ik 

948% 

c 

II 

35 

65 

1 

2 

11 

959% 

c 

II 

5 

95 

I 

1 

sph  . w ea  t-h  . 

110 

4 

963% 

c 

II 

20 

80 

1% 

1 

_Z  _ 

970%, 

CB 

II 

10 

90 

1 

1 

9 

979% 

CB 

II 

15 

85 

1 

1 

9 

988% 

CB 

It 

25 

75 

, 1 

2 

5% 

994 

CB 

II 

40 

60 

1% 

2 

115 

6 

1000 

B 

100 

1 

?07o  rnvprpd 

5 

1005 

B 

cs 

20 

80 

2 

1 

park  area 

20 

1025 

B 

100 

1 

sph.  wpath. 

17 

h1042_ 

B 

cs-f 

10 

1 

9 _ 

10.51 . 

B 

1QQ 

1 

120 

6 

cs-.l 

20 

80 

1% 

1 

31 

1088 

B 

100 

1 

top  o f 

Harr  p.1  T 

100 

1 

p^ppr  shale 

8 

1119 

B 

1Q0 

1 

70F..  4 5N.-1- 

.63 .... 

1182 

rmzprprl 

125148 

1230  _ 

B 

100 

? 

1275. 

JB. 

1QQ. 

? 



60 

1333 

covered 

reentrant 

25 

1360 

limey 

100 

3 

Tully 

32 

1392 

cs-f 

80 

20 

4 

2 

130 

12 

1404 

II 

70 

30 

3 

2 

massive  ('?’) 

,1408 

_cs-m 

1 oo 

? 

132 

4o 

1448 

cs-f 

10 

90 

2 
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Section  4,  New  Ringgold 

The  Trimmers  Rock  Member  of  the  Fort  Littleton  Formation  is  exposed 
in  road-cuts  along  Route  443  in  the  Borough  of  New  Ringgold,  Schuylkill 
County  on  the  New  Ringgold  7j/2-minute  quadrangle.  The  section  as  meas- 
ured begins  at  a point  about  4700'  south  of  40°42,30"N  and  2000'  east  of 
76°00,00"W.  North-dipping  reddish  gray  sandstones  mark  the  base  of  the 
Catskill.  Very-dark-gray  shales  which  weather  light  gray  occur  at  the  base 
of  the  exposed  section  at  a point  about  6600'  south  of  40°42'30"N  and  200' 
east  of  76°00'00"W. 

It  is  believed  that  the  rocks  below  the  measured  section  consist  dominantly 
of  shale  because  of  subdued  topography.  A few  hundred  yards  to  the  south- 
east of  the  base  of  the  measured  section,  a road-metal  quarry  is  cut  in  very- 
dark-gray  to  black  shales  showing  snowball  structure.  These  shales  are  highly 
similar  to  the  Mahantango  Shale  in  this  region. 
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Thickness 
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Color 

Grain  Size 

% 

Lithology 
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Bedding 

Thickness 

>* 

in 

i/I 

i r 

Fossils 

Trace  Fossils! 

1 Cross  Bed. 

1 Load.  Struc 

Movement 

Miscellaneou* 

I 

n 

in 

Sh 

I 

n 

m 

?% 

red 

sil  tv 

100 

Catskill : 

50'  S. 

culvert 

3 

covered 

1 

5 

5 

J 

vf-f 

95 

5 

.10 

PTG 

2 

104 

109 

covered 

10 

119 

DC 

f 

35 

65 

7 

1 

75W.28S.— 

7 

126 

G 

clay 

100 

1 

svncline 

5 

42? 

130% 

I 

f-m 

100 

18 

argil 1 . 

5 

135J? 

I 

f-m 

90 

10 

10 

PTG 

1 

X 

clav  galls 

2% 

138 

GC 

clay 

100 

1 

3 

141 

GD 

f-m 

95 

5 

8 

PTG 

laminated 

1 

142 

GD 

clay 

100 

1 

10 

16% 

158% 

GD 

clay 

tr. 

100 

2 

argill. 

3% 

162 

D 

m 

100 

14 

laminated 

4 

166 

D 

f-m 

7 

nvrite 

stain 

13 

8 

^ 174 

D 

f-m 

100 

12 

cgl.wt.  vtz. 

neb. 3 max. 

14 

11 

185 

D 

f 

100 

7 

4 

laminated 

15 

uJSk, 

190% 

GC 

clay 

100 

1 

6% 

197 

GD 

f-m 

100 

6 

si. cgltic. 

4k 

201% 

D 

m-c 

100 

4% 

2 

cgl • . qtz. 

10 

211% 

GD 

rf-m 

100 

5 

3 

214% 

GC 

r f-m 

60 

40 

15 

2 

argill. 

20 

6 

.220% 

GC 

100 

1 

5 

225% 

GC 

m-c 

95 

5 

9 

1 

cgltic. <%" 

_lk 

227 

GD 

100 

1 

4Jl 

231% 

GD 

f 

100 

massive  (2) 

2k 

234 

GC 

100 

1 

25. 

_2 

_2k 6 

PI 

f 

65 

35 

4 

I 

_ 

242% 

PI 

vf-f 

95 

5 

9 

PTG^ 

1 

X. 

6 

248% 

GC 

f 

20 

80 

3 

4 

252% 

GC 

f 

80 

20 

8^ 

r 

2 

XH 

lentic  beds 

4 

.256% 

GC 

f 

25 

75 

3% 

1 

siltv  sh. 

30 

4 

260% 

c 

f 

100 

X 

? 

- - 7 - 

267% 

.GC 

1 100 

1 

__5 

2.72% 

..GC 

.vf-f 

15 

85 

10 

1 

arpi  i -j  _ 

_J%_ 

.280. 

GD 

25 

75 

5 

X 

i 

snowbal 1 s 

18 

298 

GD 

.vf-f 

10 1 

85 

7% 

1% 

2 

culvert 

35 

43? 

.3.02% 

GDC 

vf-f 

85 

4 

2 

str . Li  pints 

-6_%. 

. 309. 1 

GC 

100 

2 

.2.. 

311.. 

TLS-f 

90 

IQ 

6 

1 

3 

x_ 

7%. 

._  318% 

DT 

ii 

10 

9Q 

4 

2 

11k 

_23D 

..DC— 

ii 

70 

3D 

_6 

? 

x 

x 

eroded  hasp. 

40 

9 

339_ 

DC . 

ii 

60 

JL 

I2L 

irreg.blks— 
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NEW  RINGGOLD  SECTION 


Unit  No 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

1 Fissility 

Fossils 

1 T race  Fossils  1 

I Cross  Bed. 

1 Load  Struc 

I Movement 

Miscellaneous 

I 

n 

in 

Sh 

I 

in 

23 

362 

C 

cs-f 

15 

85 

3 

207.  cov. 

42 

6% 

368* 

C 

It 

5 

95 

1*_ 

43 

7* 

376 

DC 

II 

85 

15 

10 

l 

X, 

? 

10 

386 

DG 

II 

35 

65 

2* 

i 

3 

45 

3 

389 

DC 

II 

90 

10 

7 

3 

23* 

412* 

DG 

II 

35 

65 

3 

2 

X 

11* 

424 

DG 

II 

40 

60 

9 

2 

5'  eroded 

6% 

430* 

DG 

II 

65 

3.5 

14 

JL 

. . at  base 

13A; 

444 

DOG 

II 

30 

70 

4 

?, 

S 

monocline 

50 

7 

451 

DC 

II 

70 

30 

12 

1_ 

3 

4 

455 

DC 

II 

5 

80 

15 

L2i. 

2 

12* 

467* 

DC 

II 

75 

15 

10 

6* 

2 

_2_ 

18 

485* 

C 

II 

5 

90 

5 

4 

_2 

14* 

500 

C 

II 

50 

20 

30 

6* 

3 

X 

55 

3 

503 

C 

cs 

35 

65 

2 

3 

9 

512 

CD 

cs-f 

60 

5 

35 

5* 

1 

2 

culvert 

8 

520 

CD 

II 

10 

50 

40 

3*_ 

2 

1 

s 

1* 

521* 

D 

II 

100 

18 

1 aminated 

6 

bilk 

C 

cs 

20 

80 

1* 

s 

60 

32* 

560 

CD 

cs-f 

35 

10 

55 

1ft 

2 

3 

_ 

X 

argil 1 . 

9 

569 

C 

II 

75 

25 

8 

3 

X 

10 

579 

C 

II 

95 

5. 

9? 

4 

583 

D 

II 

100 

48  ? 

X 

laminated 

6 

589 

CD 

II 

65 

35 

5 

3 

X 

65 

6* 

595* 

C 

II 

85 

15 

12 

3 

X 

ang. blks. 

7 

6021: 

J2C  _ 

II 

90 

10 

6 

3 

? 

s 

3 

4 

606* 

DC 

II 

100 

24 

1 aminated 

7 

613* 

DC 

II 

50_ 

50 

z 

4 

3 

X 

10 

623* 

D 

II 

100 

1 87 

2Q_I 

19* 

643 

CD 

II 

80 

?0 

14 

3 

x 

? 

laminated 

5 

648 

CD 

II 

40 

60 

3* 

3 

7* 

655j*i 

CD 

II 

95 

5 

11 

3 

3 

argill. 

10 

665* 

CD 

II 

85 

tr 

15 

6* 

3 

2 

X 

5* 

671 

CD 

II 

95 

5 

15 

3 

X 

laminated 

75 

4 

675 

C 

100 

1 

12 

687 

C 

II 

15 

10 

75 

2 

1* 

2 

7 

694 

C 

cs 

10 

90 

1* 

2 

sph.  weath. 

31 

725 

C 

II 

85 

5 

10 

2 

*_ 

2 

s 

1 

traf.  sign. 

9 

734 

C 

cs-f 

10 

50 

tr. 

40 

2* 

1 

31 

3 

argill. 

80 

749* 

C 

II 

5 

50 

15 

30 

2*1 

H 

i 

3 

s 

3 

X 

4 

753*1 

D 

II 

100 

18 

laminated 

6 

759* 

C 

II 

60 

10 

30 

3* 

i 

2 

3 

X 

argill. 

5 

7 64* 

CD 

II 

75 

25 

7 

1 

laminated 

5* 

770 

C 

II 

r 30 

40 

10 

20 

3* 

i 

3 

4 

X 

85 

3 

773 

C 

cs 

20 

80 

1 

1 

-Z*_ 

780* 

CD 

,cs-f 

5_ 

25 

i. 

_A5 . 

5 

-ii 

31A. 

_L 

A. 
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Unit  No 

Thickness 

Total 

Thickness 

Color 

Groin  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

| Fissility  j 

Fossils 

[ Trace  Fossils] 

| Cross  Bed. 

1 Load.  Struc.  | 

| Movement  | 

Miscellaneous 

I 

n 

m 

Sh 

I 

IE 

m 

2 

7823? 

C 

100 

_L 

88 

21 

8033; 

CD 

cs 

15 

20 

65 

2 

l 

3 

l2_ 

89 

7 

810% 

CD 

cs-f 

30 

60 

1,0 

10 

3 

J2_ 

4 

laminated 

90 

11 

8213J 

DC 

II 

90 

10 

14 

3 

X 

eroded  hast 

13 

8343* 

D 

11 

75 

5 

tr 

20 

' 6 

13? 

Jl. 

4 

1 aminated 

16% 

851 

CD 

1! 

70 

5 

25 

10 

1 

2 

3 

2% 

853% 

D 

It 

100 

30 

laminated 

8 

861% 

CD 

It 

20 

10 

70 

5 

LJL^ 

3 

argill. 

95 

3 

864% 

D 

II 

95 

5 

3 

3 

2 

866% 

C 

II 

30 

70 

2 

Jl 

argill. 

2% 

869 

D 

II 

100 

30 

1 ami  n atari 

15% 

884% 

DC 

II 

85 

15 

5% 

_2_ 

_4_, 

1 aminated 

4 

888% 

C 

II 

80 
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NEW  RINGGOLD  SECTION 
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DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


Section  5,  Schuylkill  Haven 

Section  5 consists  of  Trimmers  Rock  exposed  along  the  bluffs  south  of  the 
Schuylkill  River  in  the  borough  of  Schuylkill  Haven,  Schuylkill  County. 
The  section  begins  at  the  base  of  red  shales  of  the  Catskill  Formation  exposed 
along  the  paved  road  leading  south  from  Schuylkill  Haven  to  Brommerstown 
on  the  Friedensburg  7^-minute  quadrangle.  The  red  shales  dip  north  and 
occur  at  a point  near  the  crest  of  the  bluff  2800'  south  of  40°37/30"  and 
200'  east  of  76°10/00"W. 

Near  the  base  of  the  bluff,  but  still  above  an  area  of  relatively  high  ground, 
dark  gray  shales  mark  the  base  of  the  measured  section  at  a point  about  2000' 
south  of  40°37'30"N  and  2200'  west  of  76°10'00"W. 

At  the  crest  of  the  bluff,  well  above  the  lowest  red  bed,  strata  much  like 
Trimmers  Rock  siltstone  and  shale  comprise  10  feet  of  section  in  a road-cut, 
suggesting  that  here  the  only  significant  change  between  the  Trimmers  Rock 
and  the  Catskill  is  the  occurrence  of  intermittent  red  shales. 
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Stratigraphic 

SCHUYLKILL  HAVEN  SECTION 
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Stratigraphi  c 
Descri  ption 


SCHUYLKILL  HAVEN  SECTION 
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SCHUYLKILL  HAVEN  SECTION 
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Section  6,  Marysville 


Hi 


Portions  of  the  lower  Catskill,  all  of  the  Trimmers  Rock,  and  a portion  of  the 
shale  units  below  the  Trimmers  Rock  dip  south  and  are  overturned  in  cuts 
along  the  Pennsylvania  Railroad  in  the  Borough  of  Marysville,  Perry  County. 
These  exposures  occur  in  the  Harrisburg  West  73dr minute  quadrangle. 
Lower  Catskill  sandstones  and  red  shales  are  exposed  in  a railroad  tunnel 
south  of  Fishing  Creek.  There  is  a possibility  that  the  upper  part  of  the  Trim- 
mers Rock  is  cut  out  along  the  postulated  westward  extension  of  the  Sweet 
Arrow  Fault.  The  highest  Trimmers  Rock  occurs  about  25  feet  south  of  the 
south  end  of  the  tunnel,  1500'  north  of  40°20/00'/N  and  2800/  west  of 
76°55'00"W. 

The  base  of  the  measured  section,  in  dark-gray  to  black  shales  which 
weather  buff,  lies  500'  north  of  40°20/00"N  and  2100'  west  of  76°55/00vW. 
A covered  interval  occupying  several  hundred  feet  of  section  lies  next  south, 
followed  by  well-exposed  Montebello  sandstones. 
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MARYSVILLE  SECTION 
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1%, 

1 

2 

235% 

DG 

II 

40 

60 

2i 

1 

7 

242% 

DG 

II 

15 

5 

80 

2 

% 

1 

4 

X 

8 

250% 

DG 

II 

55 

45 

14 

1 

s 

X 

40 

9 

259% 

I HG 

II 

5 

95 

1 

1 

1 

260% 

D 

II 

100 

4 

2 

r 

264 

G 

II 

5 

95 

1 

1 

11 

265% 

J 

II 

100 

18? 

X 

44 

_2! 

268 

G 

II 

15 

85 

3 

1 
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Stratigraphi  c 
Descri  ption 


MARYSVILLE  SECTION 


O 

O 


% Lithology 


I n in  Sh 


Average 

Bedding 

Thickness 


H HI 


Miscellaneous 


45 


1% 


269% 


DG 


cs-f 


70 


30 


2% 


272 


100 


275 


DG 


30 


70 


281 


DG 


95 


284 


DG 


60 


40 


5% 


50 


1% 


288 


DG 


95 


1% 


289% 


100 


17% 


292% 


DG 


30 


70 


296% 


30 


70 


8? 


55 


1% 


301% 


303 


DG^ 

D 


100 


100 


16 


308 


100 


311 


DG 


80 


20 


18 


316 


DG 


65 


35 


OT  pillow 


319 


35 


65 


60 


326 


DG 


20 


80 


_2i 


5% 


331% 


DG 


60 


40 


3361 


GI 


15 


85 


JA 


J381 


GI 


60 


40 


345 


GI 


10 


90 


clay-rich 


65 


348 


70 


30 


10 


_4%. 


352% 


GI 


95 


Jl 


6% 


359 


DG 


30 


70 


360 


100 


12 


365 


GI 


30 


70 


_3i 


70 


366 


100 


14 


372 


GI 


40 


60 


374 


90 


10 


10 


376 


100 


_2l 


378% 


GI 


80 


20 


11 


11 


-384% 


GI 


25 


75 


_3%L 


_4%L 


389 


GI 


50 


50 


394 


-Si- 


20 


80 


_2%. 


3% 


397% 


GI 


60 


40 


6% 


clay-rich 


402% 


GI 


silty 


100 


fossils 


80 


406% 


GI 


cs-f 


65 


35 


11 


85 


-4081 

414% 


100 


GI 


75 


25 


416% 

420% 


100 


GI. 


40 


60 


422% 

-4-2.6% 


-5% 


_GD 


50 


100 

50 


.21 

-5%l 


429 


100 


30? 


M41 


GT. 


15 


.438% 


-DI_ 


-3.5 


-A5j 

.65 


_3%- 


-41 


plant  frags.. 


ni 


450 


Hi 


30 


70 


.41 
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Stratigraphi  c 
Descri  ption 


MARYSVILLE  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissility  j 

Fossils 

| Trace  Fossi  1 s | 

| Cross  Bed. 

| Load.  Struc  | 

I Movement  | 

Miscellaneous 

I 

n 

m 

Sh 

I 

n 

m 

91 

3 

453 

T 

cs-f 

90 

10 

1 5 

X 

s. 

JL. 

3% 

456% 

GT 

II 

20 

80 

4 

1 

clav-rich 

8 

464% 

r>T 

II 

50 

9 

X 

X 

s 

X 

4 

468% 

GT 

II 

90 

10 

10 

X 

£. 

95 

1% 

470 

GT 

II 

10 

90 

' ih 

X 

9 

479 

GT 

II 

70 

30 

6% 

1 

2 

lk 

480% 

I 

It 

100 

19 

4 

A* 

00 

GT 

II 

1 5 

85' 

? 

1 

? 

4 

488% 

GT 

II 

45 

55 

4% 

1 

2 

X 

00 

lk 

490 

I 

It 

100 

18 

5 At 

495% 

GT 

II 

30 

7X 

3% 

1 

X 

4% 

500 

GT 

II 

65 

35 

3 

X 

17 

517 

GI 

II 

25 

75 

3% 

i 

clay-rich 

7% 

524% 

ID 

II 

30 

70 

2% 

i 

4 

05 

10 

534% 

ID 

II 

20 

80 

2% 

X 

s 

4% 

539 

IP 

II 

60 

40 

4 

1 

2 

s_ 

4 

543 

PI 

II 

25 

5 

70 

2%. 

3/4 

1 

5 

548 

DT 

II 

30 

70 

4 

1 

3 

.£ 

5 

553 

PT 

II 

25 

75 

4 

J_ 

S 

XL 

h-6-  - 

559 

PL-, 

II 

35 

5 

60 

3% 

3/4 

X 

1 

560 

D 

II 

JUKI 

10 

14% 

574% 

DT 

II 

50 

50 

5 

1 

s. 

10 

584% 

DI 

II 

35 

65 

4 

1 

3 

S 

19 

603% 

DI 

II 

25 

75 

5 

1 

s 

X 

15 

J0£_ 

614 

DI 

II 

40 

60 

6 

1 

4 

s 

4 

618 

DI 

II 

10 

90 

3 

1 

s 

X 

sh.  weath. 

4 

622 

DIG 

II 

60 

5 

35 

5% 

3/4 

1 

s 

white 

21 

643 

DI 

II 

20 

80 

2% 

1 

s 

3 

646 

DI 

II 

90 

10 

5 

1 

s 

20 

Xtk 

650% 

DI 

II 

40 

60 

3% 

V 

s 

cl ay- rich 

5 

655% 

DI 

II 

15 

85 

2%. 

i 

s 

2 

657% 

DI 

II 

95 

5 

6% 

i 

W.side  R.R. 

16% 

674 

.DI 

II 

15 

85 

4% 

i 

s 

8 

682 

DI 

It 

5 

95 

2 

i 

25 

12 

694 

DI 

II 

25 

75 

5 

i 

9 

703 

D 

II 

10 

90 

4%| 

i 

7 

710 

D 

II 

15 

85 

lk 

i 

1 

711 

D 

II 

100 

12 

1 15 

726 

DG 

II 

5 

|.  95 

1 

i 

30 

12 

738 

DG 

II 

5 

95 

2 1 

i 

30 

768 

DG 

II 

15 

85 

2% 

i 

E.side  R.R. 

34 

802 

C 

II 

100 

i 

34% 

836% 

C 

II 

100 

i 

Lii 

_84Zi 

CL 

cs 

5 

95. 

3/4 

2 

clav-rich 

ii. 

ii 

864% 

c 

cs 

X._| 

95 

1374 

3 

36 

Jtl. 

906% 

-£B, 

cs 

10 

90 

2 

2 

Harrel 
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Section  7,  Dromgold 

The  Trimmers  Rock  is  intermittently  exposed  in  road-cuts  and  hillside 
exposures  south  of  the  village  of  Dromgold,  Perry  County,  on  the  Shermans 
Dale  71  2-minute  quadrangle.  The  lowest  red  shales  of  the  Catskill  Formation 
crop  out  along  Routes  34  and  850  at  a point  about  2500'  north  of  40°20/00,/N 
and  5200'  west  of  77°10'00"W. 

The  upper  half  of  the  section  is  poorly  exposed  in  the  road-cuts,  but  con- 
siderable strata  are  exposed  on  the  hillsides  above.  The  lower  one  third  is 
very  well  exposed  in  a series  of  barrow  pits  immediately  southeast  of  the  inter- 
section at  Dromgold.  In  the  road-cuts  at  the  intersection,  the  base  of  the  meas- 
ured section  lies  at  a point  about  4650'  north  of  40°20'00"N  and  7000'  west 
of  77°10'00"W.  The  next-lower  exposure  consists  of  clay-rich  shale  and  minor 
siltstone  of  the  Frame  Member  of  the  Mahantango  Formation  behind  a 
garage  about  800'  north  on  the  Camp  Carson  Long  road. 

Although  717'  of  the  total  15653^  °f  section  at  Dromgold  is  concealed, 
the  section  is  considered  significant  enough  to  be  measured  because  it  lies  in 
an  area  of  marked  thinning  of  the  entire  Upper  Devonian  section. 
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Stratigraphic 
Descri  ption 


DROMGOLD  SECTION 


Unit  No. 

Thickness 

To  t ol 

Thickness 

Color 

Groin  Size 

% Lithology 

Average 

Bedding 

Thickness 

[ Fissility  | 

Fossils 

| Trace  Fossi  1 s | 

| Cross  Bed. 

[ Load  Struc.  | 

[ Movement  | 

Miscellaneous 

I 

n 

nr 

Sh 

I 

n 

m 

Catskill 

road-cut 

50E . 26S.  -1- 

6 

red 

100 

3 

clay-rich 

1 

50 

50 

1 

cov. .valley 

26 

76 

IG 

CS-f 

5 

95 

1 

1 

65E . 23S . 

Vs 

77* 

I 

II 

100 

4 

fossils 

3* 

81 

J 

II 

30 

70 

1 

1 

5 

v? 

82* 

HI 

II 

100 

3 

4 

86* 

J 

II 

5 

95 

1 

1 

5 

91* 

IG 

II 

5 

tr. 

95 

1 

1 

3* 

95 

G 

II 

25 

75 

1 

1 

3 

98 

G 

100 

1 

10 

1 

99 

I 

cs-f 

80 

20 

3 

1 

s 

4 

103 

J 

II 

10 

90 

1 

1 

3 

s 

1 

104 

I 

II 

100 

12 

7* 

111* 

I 

II 

20 

80 

1 

1 

small  tec. 

10 

121* 

G 

II 

5 

tr, 

95 

1 

1 

folds 

15 

15* 

137 

G 

II 

5 

tr. 

95 

1 

3 

4* 

141* 

J 

II 

100 

1 

65E . 30S . -1- 

87 

228* 

II 

cov. .vallev 

2* 

231 

I 

II 

100 

JL 

65E.  35S . 

3 

234 

J 

II 

100 

3 

20 

2 

236 

I 

cs-f 

10 

90 

1* 

3 

1 

237 

IK 

100 

1 

clay-rich 

12 

249 

J 

cs-f 

10 

90 

1* 

2 

irreg.  fiss 

5* 

254* 

J 

100 

1 

snowballs 

2* 

257 

J 

cs-f 

25 

tr- 

75 

1 

1 

25 

* 

257* 

I 

II 

100 

4 

1 

3 

260* 

T 

II 

35 

65 

1 

1 

266 

,T 

100 

1 

irreg. fiss. 

_8i_ 

274* 

1 

cs-f 

.35 

65 

1* 

1 

6 

280*, 

,T 

II 

10 

90 

i 

1 

30 

3 

283* 

J 

cs 

tr. 

1QQ. 

2 

5 

288* 

IJ 

100 

1 

12i. 

301 

IG 

100 

3 

65E.  26S 

208. 

509 

cov. .valley 

515 

T 

cs-f 

60 

4H 

1* 

3 

55E  . 35s . 

35_ 

m. 

528* 

,T 

II 

„90_ 

10 

5 

3. 

4 

531 

,T 

100 

3 

clav-rich 

_ii. 

532* 

,T 

tr. 

100 

3 

X 

10 

542* 

C 

cs-f 

70 

30 

7 

JL 

4 

8 

^550* 

C 

II 

_50. 

tr- 

_^5Q_ 

1* 

3 

10%  covered 

40_ 

12  . 

562* 

c. 

II 

70 

30 

3 

3 

? 

_5i_ 

. .568" 

. -C— 

ns 

_LQ. 

-90. 

1 rrp.g . fiss. 

42. 

_2_ 

570 

C 

,c.s-f 

1QQ_ 

2A_ 

L_ 

150 


DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


Stratigraphic 

D0scri ption  DROMGOLD  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

I Fissility  1 

Fossils 

1 Trace  Fossils! 

■O 

a> 

CD 

CO 

O 

O 

| Load.  Struc.  | 

I Movement  j 

Miscellaneou 

I 

n 

IE 

Sh 

I 

n 

in 

43 

6 

576 

0 

100 

l 

irreg. fiss 

3s? 

579% 

C 

cs-f 

100 

40? 

X 

45 

14 

593% 

covered 

1 

594% 

C 

silty 

100 

3 

irreg. fiss 

3% 

598 

J 

cs-f 

100 

40? 

X 

4 

602 

C 

siltv 

100 

3 

irreg. fiss 

1 

603 

J 

cs-f 

100 

12 

X 

50 

5 

608 

HI 

siltv 

100 

3 

X 

U 

609% 

HI 

cs-f 

100 

18 

X 

3% 

613 

HI 

II 

80 

20 

X 

X 

mixed 

pillows 

2 

615 

I 

siltv 

100 

3 

55E . 38S.- 

164 

779 

covered 

55 

3 

782 

IJ 

silty 

100 

3 

X 

on  hillsidi 

2 

784 

I 

cs-f 

80 

20 

9 

3 

X 

2 

786 

I 

II 

100 

24 

4 

s 

i 

3 

789 

I 

II 

70 

30 

6 

3 

X 

siltv  sh. 

2 

791 

I 

II 

100 

24 

irree.  bdg 

60 

2 

793 

I 

II 

70 

30 

4 

3 

X 

1 

794 

T 

siltv 

100 

3 

84 

878 

covered 

5 

883 

T 

cs-f 

50 

50 

3 

3 

si  1 ty  sh . 

7 

890 

I 

siltv 

100 

3 

irreg. fiss, 

65 

3 

893 

T 

cs-f 

80 

?o 

6 

3 

x 

x 

eroded  hasi 

1 

894 

I 

siltv 

100 

3 

3 

897 

I 

cs-f 

35 

65 

2, 

3 

si  1 tv  sh. 

15 

912 

covered 

2 

914 

T 

cs 

10 

90 

3/4 

3 

siltv  sh. 

70 

9 

923 

T 

cs-f 

60 

40 

2% 

3 

siltv  sh. 

4 

927 

T 

sil  tv 

100 

3 

1 

928 

T 

cs-f 

80 

?0 

4 

3 

x 

<?% 

934% 

T 

II 

80 

?0 

3 

3 

X 

X 

eroded  base 

5 

939% 

T 

100 

3 

4f)7.  cnv. 

75 

14% 

954 

IH 

cs-f 

25 

71 

? 

3 

siltv  sh. 

2 

956 

TH 

cs 

10 

90 

3/4 

3 

sil tv  sh. 

5 

961 

0 

100 

3 

207.  r.overec 

2%_ 

.963% 

r, 

cs-f 

30 

7CL 

z 

3 

siltv  sh. 

969% 

r, 

II 

IQ 

90 

? 

3 

1 ami na  ted 

L_aa 

5 

_AZ4% 

c 

II 

65 

.20 

1 5 

6 

i% 

1 

s 

In  road-cut 

12% 

987 

c, 

It 

40 

50 

10 

3 

1 \ 

3 

A . 

994 

D 

II 

25 

55 

20 

? 

l 

1 

L 

995 

jC_ 

II 

100 

12. 

2%. 

997% 

-.  8 _ 

100 

3 

... 

„85_ 

JJL 

.1008% 

T 

cs-  f 

80 

90 

10 

3 

4 

s 

6% 

101  5 ~. 

r.T) 

II 

35 

65 

3 

3 

4 

... 

LAI 

1019 

c 

II 

_2£L 

_U1 

_4_ 

I 
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Stratigraphi  c 
Descri  ption 


DROMGOLD  SECTION 


unit  no.  | 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissility 

Fossils 

I Trace  Fossi  1 s | 

1 Cross  Bed. 

1 Load  Struc  | 

| Movement 

Miscellaneous 

I 

n 

in 

Sh 

I 

H 

in 

5 

1024 

C 

cs-f 

70 

30 

3 

S 

19 

3* 

1027* 

C 

If 

10 

tr. 

90 

1 

1 

4 

90 

21? 

1030 

C 

II 

40 

60 

2 

3 

2 

laminated 

3 

1033 

C 

II 

90 

10 

5 

3 

sil icious 

4* 

1037* 

C 

II 

10 

90 

2 

1 

5 

1042* 

I 

II 

95 

5 

5 

3 

vpI.  stain 

7 

1049* 

D 

II 

50 

50 

7 

1 

95 

* 

1050 

D 

II 

100 

10 

silicious 

7* 

1057^ 

D 

It 

15 

85 

2 

1 

l 

10585 

D 

II 

100 

silicious 

18 

10765 

covered 

11 

10875 

C 

cs-f 

20 

80 

3 

1 

4 

fo 

1 r~t 

10 

10975 

C 

II 

5 

tr. 

95 

i*L 

3 

7 

1104* 

covered 

281; 

1133 

B 

cs 

5 

95 

3/4 

1 

quarry 

8 

1141 

BK 

100 

1 

sph.  weath. 

121? 

1153* 

BK 

cs 

5 

95 

3/4 

1 

60E . 33S  .-1- 

95 

37 

1190* 

cov. .valley 

13* 

1204 

I 

100 

1 

rear  house 

29 

1233 

BA 

cs 

1 5 

95 

1 

.1 

10 

1243 

BA 

100 

1 

sph.  weath. 

6% 

1249* 

BAK 

cs 

15 

85 

3/4 

1 

10 

8 

1257* 

BK 

cs-f 

10 

90 

1 

1 

1258* 

CK 

It 

100 

12 

silicious 

11 

1269* 

BA 

100 

1 

sph.  weath. 

10 

1279* 

BF 

100 

1 

9 

1288* 

BF 

cs 

30 

70 

2 

1 

15 

3* 

1292 

B 

100 

1 

18 

1310 

BF 

cs 

30 

70 

1* 

1 

4 

1314 

A 

100 

1 

JA_ 

1328 

BFK 

^100 

1 

road-cut 

12 

1340 

covered 

20 

2* 

1342* 

I 

cs-f 

100 

30? 

silicious 

3 

1345* 

C 

100 

1 

sheared 

5 

1350* 

I 

cs-f 

85 

15 

8 

1 

S 

5 

1355* 

DC 

II 

15 

85 

1* 

1 

3i 

1359 

DIG 

II 

90 

10 

9 

1 

s 

15 

1361* 

BF 

II 

20 

80 

1 

1 

_A_ 

/U65* 

II 

65 

35 

7 

1 

s 

3 _ 

1368* 

BF 

II 

5 

95 

1 

1 

2 

1370* 

A 

100 

1 

cs-f 

-25 

65 

2 

1 

s 

30 

2 

1385* 

A 

100 

-1 

1 5 

1400* 

RF 

cs-f 

1 5 

25 

_L_ 

1 

3? 

26 

1426* 

BF 

II 

5 

95. 

1 

.1 

:ov.on  curve 
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Section  8,  Girtys  Notch 

Section  8 was  studied  where  the  Trimmers  Rock  is  exposed  in  cuts  along 
Routes  1 1 and  15,  2 miles  north  of  the  village  of  New  Buffalo,  Watts  Town- 
ship, Perry  County.  The  exposures  described  occur  in  the  Halifax  732- 
minute  quadrangle,  near  the  spot  where  the  highway  passes  through  a cut 
at  Girtys  Notch  in  the  eastern  end  of  Half  Falls  Mountain.  The  Notch  has 
historical  meaning  and  is  well  known  locally. 

A nearly  complete  section  is  revealed  in  high  road-cuts  at  this  locality,  the 
lowest  red  shales  of  the  Catskill  Formation  dipping  south  at  a point  about 
8100'  south  of  40°30,00"N  and  2400'  east  of  76°57'30"W.  In  the  lower  por- 
tions of  the  section,  the  dark  shales  are  locally  contorted  in  at  least  two  open 
folds,  and  therefore  not  much  reliability  can  be  given  to  estimated  thicknesses 
of  basal  units.  The  measurements  were  carried  through  to  a poor  exposure 
of  fossiliferous  limy  shale  in  the  stream  gorge  immediately  south  of  the  Notch. 
This  questionable  Tully  Limestone  lies  at  a point  about  4350'  south  of 
40°30'00',N  and  1500'  east  of  76°57'30"W. 
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Stratigraphic 

Description  GIRTY'S  NOTCH  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissility  j 

Fossils 

| Trace  Fossils] 

| Cross  Bed.  | 

| Load.  Struc  | 

| Movement  ] 

Miscellaneous 

I 

n 

nr 

Sh 

I 

n 

m 

4 

red 

tr. 

100 

i 

2 

Catskill 

I 

3 

3 

FC 

tr. 

100 

i 

2 

red  stain 

8 

11 

FC 

tr. 

100 

i 

40E.  33S,-f. 

6% 

17  k 

FC 

vf 

100 

40? 

2 

Eraded  bdE. 

1% 

19 

FC 

sandy 

100 

) 

3 

4 

5 

5 

24 

JF 

tr. 

60? 

red  stain 

lk 

25% 

G 

cs 

100 

3/4 

Eraded  bdE. 

2k 

28 

J 

vf 

100 

30? 

4 

3 

31 

G 

II 

95 

5 

8 

1 

3 

34 

JF 

II 

100 

36? 

X 

10 

3 

37 

F 

II 

100 

36? 

4 

laminated 

5% 

42% 

F 

II 

100 

3 

laminated 

11 

53% 

G 

II 

90 

10 

8 

1 

char. freEs. 

4 

57% 

J 

cs 

100 

3 

6 

63% 

JC 

cs-  f 

35 

65 

7 

1 

2 

s 

silicious 

15 

Ik 

71 

C 

tr. 

100 

2 

s 

Eraded  bdE. 

4 

75 

C 

cs 

100 

3 

red  stain 

4 

79 

J 

cs-f 

10 

90 

1% 

1 

18 

6k 

85% 

C 

II 

10 

90 

1 

11 

cEltic. .wh. 

quartz  %" 

max. 

19 

5 

90% 

JC 

cs-f 

90 

10 

5 

1 

cgltic. ,wh. 

quartz  %" 

max. 

20 

4% 

95 

C 

c 

tr. 

100 

1 

1 

96 

J 

cs-f 

100 

12 

silicious 

11 

107 

JH 

cs 

5 

95 

3/4 

1 

3 

14% 

121% 

JH 

cs 

10 

90 

3/4 

1 

P.P.  417 

3 

124% 

J 

cs-f 

90 

10 

1% 

1 

25 

3 

1271; 

J 

cs-f 

10 

90 

1 

1 

irreg.  bdg. 

11 

138% 

J 

II 

5 

95 

1 

1 

argt 1 1 . 

10 

148% 

C 

siltv 

100 

1 

2 

1501; 

C 

CS 

100 

3 

153% 

HD 

100 

1_ 

30 

2 

155% 

C 

cs-f 

85 

15 

5 

1 

56 

211% 

C 

100 

1 

32 

L_2i_ 

214 

C 

cs-f 

70 

30 

5 

intersect. 2 

33 

12 

226 

J 

cs-f 

15 

85 

2 

1 

on  N.ramp 

2%_^ 

228% 

C 

II 

50 

50 

3 

1 

35 

231 

J 

II 

60 

40 

3 

3, 

pseudo-f iss 

233% 

CF 

II 

1 00 

2 

10 

243% 

CF 

1O0 

1 

red  stain 

4 

247% 

n 

cs-f 

90 

in 

4 

1 

4. 

_2 

249% 

C 

It 

95 

5 

ft 

X 

■1  ttpp.  hdcr . 

40 

_2%l 

252 

£_ 

II 

_2i 

l 

9 
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DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


Stratigraphic 

Description 


GIRTY'S  NOTCH  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Groin  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

Fissilify 

Fossils 

1 Trace  Fossilsl 

| Cross  Bed.  | 

1 Load.  Struc  1 

1 Movement 

! 

Miscellaneous 

I 

n 

m 

Sh 

I 

n 

m 

3% 

2551? 

J 

cs-f 

80. 

_2H 

4 

a 

42 

4 

2591s 

.T 

II 

-21, 

5. 

_8_ 

JL 

43 

4 

263% 

J 

If 

85 

15 

3 

3 

X 

? 

8 

271% 

J 

II 

30 

70 

3 

45 

6% 

278 

J 

100 

» 

3 

green  stair 

I 

279 

G 

100 

3 

3 

282 

J 

100 

3 

8 

290 

J 

cs-f 

30 

70 

3 

2 

2 

s 

3 

293 

G 

II 

10 

90 

2 

1 

50 

15 

308 

J 

It 

5 

95 

1 

1 

361; 

344% 

G 

100 

1 

s 

small  fault 

4 

348% 

G 

cs-f 

70 

30 

X 

4% 

353 

G 

cs 

80 

20 

i 

1 

3% 

356% 

J 

cs 

100 

2 

55 

7% 

364 

GJ 

cs-f 

35 

65 

5 

1 

12 

376 

GJ 

II 

5 

95 

6 

1 

X 

si . diastem 

3% 

379% 

J 

II 

85 

15 

6 

1 

4 

384 

GJ 

II 

50 

50 

2 

3 

2 

3* 

387% 

J 

If 

65 

35 

5 

3 

X 

irreg.  bdg. 

60 

3 

390% 

J 

11 

100 

36? 

12 

402% 

J 

II 

20 

15 

65 

5 

2% 

3 

5 

407% 

J 

cs 

70 

30 

4 

3 

laminated 

8 

415% 

GJ 

II 

15 

85 

2 

2 

micaceous 

5% 

421 

J 

cs-f 

15 

85 

3 

2 

1 

65 

3 

424 

J 

100 

3 

4 

428 

C 

cs-f 

5 

95 

1 

3 

2 

430 

J 

11 

20 

80 

3 

1 

2% 

432% 

JC 

cs 

25 

75 

3/4 

1 

irreg.  bdg. 

31 

463% 

J 

100 

end  ramp 

70 

6 

469% 

c 

cs-f 

50 

50 

2 

1 

1 

s 

482 

W 

11 

20 

15 

65 

1% 

2 

3 

4 

P.P.  619 

20 

502 

C 

100 

1 

micaceous 

6 

508 

C 

cs-f 

10 

10 

80 

1% 

1 

3 

2 

16 

524 

C 

100 

1 

75 

2 

526 

C 

cs-f 

40 

60 

2 

3 

2 

80E . 44S 

32 

558 

CK 

If 

5 

95 

1% 

1 

48 

606 

covered 

181? 

624% 

Cl 

100 

1 

65E . 40S.-1- 

16 

640% 

covered 

80 

5 

645% 

c 

cs-f 

10 

90 

1 

1 

3 

on  hillside 

41 

686% 

C 

clay 

100 

1 

P.P.  620 

CJ> 

cs-f 

10 

90 

1 

1 

30 

724 

DC 

100 

1. 

cor.  house 



-7.30% 

or. 

cs-f 

60 

40 

8 

3 

3 

5 

.735% 

j 

100 

3 

cs-f 

80 

20 

7 

1 

X 

? 
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Stratigraphi  c 
Descri  ption 


GIRTY'S  NOTCH  SECTION 


6 

z 

in 

m 

<D 

c 

JC 

O 

!c 

H 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

| Fissility  , 

Fossils 

| Trace  Fossils  1 

I Cross  Bed. 

1 Lood.  Struc  j 

| Movement 

Miscellaneous 

Unit 

I 

n 

IE 

Sh 

I 

H 

in 

6 

745 

DI 

cs-f 

80 

20 

7 

i 

red  stain 

88 

18 

763 

Cl 

100 

i 

rear  house 

89 

123 

886 

covered 

st.  valley 

90 

28 

914 

C 

cs-f 

20 

80 

, 1 

2 

80E . 54S  . 

6 

920 

J 

100 

3 

2 

922 

J 

cs-  f 

95 

5 

3 

3 

X 

O.T.PIllnw 

2% 

924% 

J 

II 

95 

5 

4 

Z. 

stai  n . 

10 

934% 

JC 

If 

50 

50 

10 

Z 

95 

6 

940% 

J 

100 

Z 

6 

946% 

J 

cs-f 

60 

40 

2% 

3 

3 

949% 

C.T 

II 

80 

20 

4 

3 

a 

13 

962% 

G 

II 

25 

75 

2 

1 

sil tv  sh . 

2% 

965 

G 

II 

80 

20 

6 

1 

3 

LOO 

3 

968 

GJ 

II 

10 

90, 

lk 

1 

S 

sil tv  sh . 

6% 

974% 

GJ 

II 

60 

40 

3 

1 

4. 

4 

978% 

GC 

II 

1 5 

85. 

2 

1 

silty  sh  T 

3 

981% 

GC 

II 

85 

1 5 

3 j 

L 

argill. 

1 

982% 

C 

100 

1 

L05 

14 

996% 

CJ 

cs-f 

5 

95 

1 

2 

graded  bde. 

3 

999% 

CJ 

tr. 

100 

1 

3 

graded  bde. 

3 

1002% 

CJ 

cs-f 

5 

95 

1 

1 

s 

siltv  sh. 

11 

1013% 

CJ 

tr. 

100 

1 

2 

5 

1018% 

CJ 

cs-f 

5 

95 

1 

1 

3 

no 

31 

1049% 

CJ 

tr. 

100 

1 

4 

sil tv  sh. 

9 

1058% 

CJ 

cs-f 

20 

80 

1% 

1 

7% 

1066 

JC 

II 

80 

20 

7 

1 

9 

1075 

J 

II 

35 

65 

4 

3 

argill. 

12 

1087 

CJ 

II 

20 

5 

75 

3 

i 

1 

s 

argil 1. 

115 

8 

1095 

JC 

II 

70 

30 

10 

1 

1 

argill . 

6% 

1101% 

C 

II 

5 

95 

1 

3 

siltv  sh. 

2 

1103% 

JC 

II 

75 

251 

6 

1 

1 

6 

1109% 

J 

tr. 

100 

2 

4 

7% 

1117 

C 

cs-f 

10 

90 

2% 

3 

3 

120 

2 

1119 

JC 

II 

80 

20 

8 

3 

1 

4 

1% 

1120% 

CJ 

II 

25 

75 

3 

13 

1 

argill^ 

17% 

1138 

CJ 

cs 

85 

15 

4 

3 

4 

irreg.  bde. 

7 

1145 

C 

cs-f 

80 

20 

3 

3 

8 

1153 

C 

II 

40 

60 

2%^ 

1 

monocline 

L25 

5 

1158 

cov. , swale 

9 

1167 

c 

cs-f 

65 

35 

7 

1 

foss.  in  sh, 

L 7% 

1174% 

c 

II 

60 

40 

3 

1 

5 

1179% 

c 

100 

2 

9 

1188% 

CJ 

cs-f 

45 

55 

6 

2 

1 

L30 

5% 

1194 

c 

II 

5 

tr. 

95 

1 

3 

4 

1198 

J 

II 

60 

40 

7 

3 

red  stain 
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DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


Stratigraphi  c 
Descri  ption 


GIRTY'S  NOTCH  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

Fissility  . 

Fossils 

Trace  Fossils 

Cross  Bed. 

1 Load.  Struc.  1 

Movement 

Miscellanecui 

I 

n 

in 

Sh 

I 

n 

m 

17 

1215 

JC 

cs-  f 

10 

80 

10 

7 

3% 

argi l 1 . 

133 

5 

1220 

CJ 

II 

25 

20 

55 

2 

i% 

3 

2 

rad  stain 

134 

5% 

1225% 

JC 

II 

55 

25 

20 

7 

i% 

135 

14 

1239% 

JC 

II 

15 

50 

35 

3 

i% 

1 

3 

3 

4 

1243% 

CJ 

II 

25 

65 

10 

4 

5 

4 

4% 

1248 

C 

silty 

100 

8 

1256 

CJ 

cs-f 

30 

70 

3 

1 

3 

siltv  sh. 

13 

1269 

CJ 

II 

75 

25 

8 

2 

1 

140 

18% 

1287% 

c 

II 

45 

40 

15 

3 

2 

3 

2 

1\ 

1295 

c 

silty 

100 

3 

6 

1301 

c 

60 

30 

10 

5 

2\ 

3 

2 

3 

1304 

c 

clay 

100 

2 

2 

1306 

c 

cs-f 

80 

20 

6 

1 

4 

145 

4% 

1310% 

c 

II 

60 

20 

20 

1% 

i 

3 

4 

graded  hdg. 

5h 

1316 

c 

II 

15 

85 

3 

2% 

? 

praHpH  hdo- 

4 

1320 

c 

II 

5 

95 

1% 

2 

3 

1 ami na tad 

1323% 

c 

II 

70 

20 

10 

5 

1 % 

1 

1 ami na  fad 

3 

1326% 

c 

II 

45 

30 

25 

5 

? 

1 

150 

4% 

1331 

c 

II 

30 

30 

40 

3 

? 

1 

4 

3 

1334 

c 

II 

80 

10 

10 

6 

1 

3 

4 

3 

1337 

c 

II 

25 

20 

55 

5 

1 

1 

4 

10% 

1347% 

c 

II 

15. 

55 

30 

3 

7% 

3 

6 

1353% 

c 

CS 

90 

10 

5 

3 

diastem 

155 

6 

1359% 

c 

cs-f 

60 

40 

4 

X 

ang.  blocks 

2% 

1362 

c 

cs 

90 

10 

5 

3 

5 

1367 

CJ 

cs-f 

75 

15 

10 

9 

1 

3 

3 

1370 

c 

100 

2 

1372 

c 

cs-f 

60 

40 

4 

3 

X 

eroded  base 

160 

3 

1375 

c 

II 

95 

5 

12 

3 

2 

sh.  ptes. 

6% 

1381% 

c 

II 

5 

95 

tr. 

1 

4 

1 

1382% 

CJ 

II 

70 

30 

3 

3 

X 

4 

1386% 

c 

II 

10 

45 

45 

ik 

2 

3 

1388 

c 

II 

100 

5 

laminated 

165 

3 

1391 

c 

II 

20 

80 

7 

3 

2 

X 

14 

1405 

c 

II 

30 

25 

45 

5 

2 

1 

10 

1415 

c 

II 

10 

90 

9 

2 

3 

4 

1419 

c 

cs 

30 

70 

3 

1 

4% 

1423% 

c 

II 

25 

75 

8 

1 

bo 

4% 

1428 

c 

II 

40 

60 

4 

X 

str.  valley 

7% 

1435% 

c 

100 

1 

5 

1440% 

c 

cs-f 

15 

25 

60 

2 

2 H 

1 

X 

4 

1444% 

c 

II 

90 

5 

5 

6 

2% 

3 

11% 

1456 

c 

II 

30 

10 

60 

4 

1% 

3 

2 

3 

L75 

5 

1461 

c 

" 

60 

10 

30 

9 

^k 

3 

s 

X 

5 

1466 

c 

II 

100 

tr . 

2 

17 

1485 

c 

II 

_&L 

_6 

3 

_3 

_£ 

2 

: 


- 
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Stratigraphic 

Description 


GIRTY'S  NOTCH  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

[ Fissility  | 

Fossils 

[ Trace  Fossi  1 s | 

| Cross  Bed.  | 

| Load.  Struc  | 

| Movement  | 

Miscellaneous 

I 

n 

nr 

Sh 

I 

I 

m 

9 

1492 

C 

cs-f 

70 

15 

15 

2_. 

Li 

.1 

a 

179 

13 

1505 

C 

II 

25 

15 

60 

4 

2% 

3 

4 

_2_ 

.80 

21? 

15071; 

C 

cs-f 

90 

_ia 

JJ_ 

1 ami  na  tad 

f 

17 

15241; 

C 

II 

35 

65 

5 

_i 

2, _ 

2 

eraded  bde. 

f 

171? 

1542 

C 

II 

75 

15 

10 

• 4% 

3 

3 

2 

graded  bdg. 

4 

1546 

C 

II 

5 

60 

tr. 

35 

3 

6_ 

3 

4 

11* 

1557% 

Cl 

II 

80 

5 

15 

8 

1* 

3 

4 

L85 

8 

1565% 

C 

It 

20 

60 

20 

7 

J. 

2 

1567% 

C 

II 

60 

40 

.X 

5 

1572% 

CJ 

II 

10 

55 

35 

2% 

4 

3 

3 

red  stain 

26 

1598% 

C 

II 

5 

80 

ft. 

1 5 

2 

6 

3 

4 

7* 

1606 

CD 

II 

1 5 

55 

30 

2 

3% 

p 

JL 

small  fault 

190 

121? 

1618% 

DC 

II 

90 

10 

5 

3 

8 

1626% 

DC 

II 

20 

5 

75 

4 

5 

3 

8 

1634% 

DC 

II 

90 

10 

5 

3 

9 

1643% 

DC 

II 

85 

1,5 

4 

3 

5 

1648% 

DC 

II 

95 

5 

10 

3 

sh.  ptgs. 

195 

7* 

1656 

0 

mo 

3 

13 

1669 

C 

cs-f 

10 

90 

? 

3 

clav  sh. 

19 

1688 

C 

II 

20 

70 

1% 

3 

silty  sb. 

3% 

1691% 

C 

100 

3 

silty  sb. 

191? 

1711 

0 

cs-f 

30 

70 

4 

1 

200 

20 

1731 

c 

II 

30 

70 

2% 

1 

3 

1734 

c. 

100 

? 

6 

1740 

C 

cs 

65 

35 

7 

3 

121? 

1752% 

C 

cs-f 

5 

95 

1 

1 

sil tv  sh. 

12 

1764% 

CF 

II . 

15 

85 

1% 

1 

sil tv  sb. 

205 

20 

1784% 

c 

cs 

5 

95 

1 

1 

pnd  Ig.cut* 

14 

1798% 

c 

100 

? 

sil  tv 

_2_ 

'rH 

o 

o 

00 

r— < 

C 

cs 

75 

?5 

3 

1 

argl 1 1 . 

6 

1806% 

C 

silty 

100 

2 

argill. 

3 

1809% 

C 

CS 

40 

60 

2 

2 

210 

6 

L[815% 

C 

cs-f 

5 

95 

1 

1 

8 

1823% 

C 

II 

50 

50 

3 

1 

tec.  folds 

5 

1828% 

C 

100 

1 

15 

1843% 

C 

100 

silty 

90 

1933% 

C 

cs-f 

10 

90 

2 

1 

contorted 

215 

23 

1956 

C 

II 

5 

95 

1 j 

3 

argill. 

48 

2004 

C 

II 

5 

95 

1 

1 

argill. 

75 

2079 

:b 

It 

10 

90 

1 

2 

areill. 

293 

2372 

silty 

100 

Harrell . 

clc.  sh. 

Tully  (?) 

at  base 

75E . 42S.— 
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Section  9,  Juniata  River 

Section  9 was  studied  in  road-cuts  along  Routes  22  and  322  in  Howe  Town- 
ship, Perry  County.  The  section  begins  at  the  base  of  south-dipping  red  Cats- 
kill  shales  about  3 miles  airline  east  of  Newport,  on  the  Duncannon  7^- 
minute  quadrangle.  This  point  lies  about  4700'  south  of  40°30'00"N  and  1 800' 
east  of  77°05/00"W  on  a farm  road  above  the  highway.  Most  of  the  section 
was  measured  in  road-cuts  along  the  highway. 

The  base  of  the  measured  section  lies  at  the  base  of  41  feet  of  shale  at  a 
point  about  7050'  south  of  40°30,00',N  and  2800'  east  of  77°05'00"W  along 
the  highway.  Stratigraphically  below  this,  there  is  a covered  interval  of  about 
100  feet,  followed  by  about  39  feet  of  Trimmers  Rock  dipping  steeply  north 
and  faulted  at  the  base.  It  is  thus  not  possible  to  obtain  a complete  section 
at  this  locality. 

Section  9 was  named  “Juniata  River”  because  it  is  in  closest  proximity  to 
that  feature. 
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Stratigraphic 

Description  JUNIATA  RIVER  SECTION 


Unit  No.  I 

Thickness 

Tot  ol 

Thickness 

Color 

Groin  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

>» 

in 

ll 

Fossils 

| Trace  Fossi  1 s | 

| Cross  Bed.  | 

| Load  Struc  | 

[ Movement  | 

Miscellaneous 

I 

n 

nr 

Sh 

I 

rr 

m 

24 

red 

cs-f 

55 

10 

35 

10 

5 

1 

Catskill, on 

unpaved 

hiehwav 

1 

24 

24 

G 

cs 

15 

85 

1% 

1 

2 

E-W r 57  N 

121? 

36% 

GC 

cs-f 

65 

35 

7 

1 

9 

45% 

GJ 

100 

1 

4 

49% 

G 

cs-f 

35 

65 

4 

1 

1 

5 

17 

66% 

GJ 

II 

5 

95 

2 

1 

20 

86% 

G 

100 

1 

7 

93% 

G 

cs-f 

35 

tr. 

65 

2 

1 

4 

20 

113% 

G 

II 

10 

90 

3 

1 

507.  covered 

25 

138% 

G 

II 

90 

10 

4 

1 

bend  in  roar 

10 

15 

153% 

covered 

11 

12 

165% 

GI 

cs-f 

50 

50 

3/4 

1 

on  hillside 

below  road 

12 

12 

177% 

Cl 

100 

1 

18 

195% 

Cl 

cs-f 

10 

901 

3 

1 

507,  covered 

10% 

206 

Cl 

II 

60 

40 

4 

1 

s 

15 

14 

220 

GI 

100 

1 

16 

8% 

228% 

GI 

cs-f 

30 

70 

2 

1 

end  ontrrnn 

on  road 

17 

82 

310% 

covered 

18 

5 

315% 

CJ 

cs-f 

30 

70 

3 

? 

on  highway 

at  culvert 

19 

6% 

322 

CJ 

cs-f 

75 

25 

3% 

1 

4 

E-W,  57N. 

20 

2% 

324% 

CJ 

II 

60 

tr. 

40 

1% 

2 

2* 

327 

gj 

II 

90 

10 

5 

? 

4 

3 

330 

CJ 

It 

80 

20 

2% 

2 

s 

2 

332 

CJ 

II 

100 

1? 

X 

_2%_ 

334% 

CJ 

100 

? 

25 

336 

CJ 

cs-f 

100 

17? 

2% 

338% 

CJ 

II 

90 

10 

4 

1 

4 

1 

339% 

CJ 

II 

100 

14? 

X 

4* 

344 

CJ 

It 

75 

25 

3% 

1 

s 

4 

2 

346 

CJ 

II 

100 

12 

X 

30 

4 

350 

CJ 

II 

90 

10 

3 

1 

3 

6 

356 

CJ 

II 

40 

20 

40 

2 

% 

2_ 

3 

4 

360 

cj_ 

II 

90 

10 

-8  _ 

1 

argil  1 . 

[_8%_ 

368% 

J 

II 

50 

20 

30 

3 

3/4 

1_ 

3 

3 

8 

376% 

c 

II 

10 

30 

60 

1% 

3/4 

4^ 

_3 

-379%. 

-C. 

II 

85 

1 5 

7 

1 

383 

c 

II 

25 

75 

? 

-5k. 

388% 

c 

100 

12 

1 r* 

o 

o 

-4 

c 

pwr.pole  50 
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Straf  iaraDhi  c 

' y.  JUNIATA  RIVER  SECTION 

Description 

Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

Fissility 

Fossils 

Trace  Fossils 

Cross  Bed. 

Load.  Struc. 

Movement 

Miscellaneous 

I 

n 

m 

Sh 

I 

n 

in 

39 

10 

410% 

CJ 

100 

1 

on  hillside 

40 

3% 

414 

J 

cs-f 

50 

50 

5 

1 

8 

422 

CJ 

100 

X 

X 

in  road- cut 

4 

426 

CJ 

cs-f 

90 

10 

3% 

1 

2 

9 

435 

CJ 

II 

30 

70 

■ 4 

2 

4 

-1 

3 

438 

GJ 

II 

60 

40 

5 

1 

4 

3 

45 

3 

441 

GJ 

If 

95 

5 

7 

2 

4 

1 

6% 

447% 

GJ 

II 

5 

75 

20 

3%_ 

2 

1 

X 

3k 

451 

GI 

II 

70 

15 

15 

4 

1% 

1 

3 

4 

455 

G 

cs 

40 

60 

1 

2 

3 

2 

4 

459 

G 

cs-f 

40 

60 

3/4 

L 

2 

50 

5 

464 

G 

II 

20 

20 

60 

2% 

% 

X 

5 

469 

C 

It 

10 

50 

40 

1%. 

J/4 

1 

7 

476 

C 

If 

20 

80 

% 

3 

on  hillside 

13% 

489% 

C 

II 

20 

30 

50 

2 

3/4 

1 

5 

494% 

C 

II 

30 

10 

60 

2 

3/4 

1 

55 

42 

536% 

covered 

X%_ 

540 

CJ 

cs-f 

25 

— ZJL 

_2_ 

X 

in  road- cut 

46% 

586% 

covered— 

9 

595% 

C 

cs-f 

20 

80 

1% 

1 

40 

635% 

covered 

60 

7 

642% 

C 

cs-f 

-20j 

80 

7.\ 

1 

on  hillside 

opp.  pwr. 

pole  51 

61 

2 

644% 

CJ 

cs-f 

40 

60 

3 

1 

in  road-cut 

10 

654% 

CJ 

II 

95 

5 

9 

1 

ft 

2 

656% 

CJ 

II 

75 

25 

3 

1 

8 

664% 

GJ 

II 

95 

5 

1? 

1 

,s 

65 

2% 

667 

GJ 

If 

70 

30 

3 

1 

4 

671 

J 

II 

95 

5 

10 

1 

? 

,s 

.6% 

677% 

C 

II 

60 

?0 

?o 

1% 

1 

3 

7 

684% 

c 

II 

50 

?0 

30 

4 

% 

1 

1 

2X 

687 

C 

II 

60 

40 

4 

1 

? 

70 

_!i. 

688% 

C 

II 

60 

40 

5 

2 

X 

X 

D.T.  sole 

6 

694% 

J 

II 

80 

20 

3 

1 

6% 

701 

J 

II 

35 

65 

?% 

1 

1 

? 

4 

705 

GC 

II 

30 

70 

% 

s 

3 

7 

712 

_O.C 

II 

1 5 

30 

55 

4 

324 

75 

2%_ 

,214% 

_2L 

f 

90 

10 

6 

i 

2 

| 

_4%_ 

719 

C 

100 

i 

_1%_ 

720%. 

J 

cs-f 

100 

7 

X 

-X%_ 

_Z23— 

J— 

_X_ 

1£L 

20 

?a 

1% 

h 

1 

-5i_ 

731% 

jGJ 

cs-f 

10 

30 

i 

_BQ_ 

_z%_ 

232— 

XJ 

II 

25 

fr. 

25- 

3 

I 

3 

3 

3 

742 

J 

ion 

1 

_&2_ 

6 

748 

J 

cs-f 

_XL 

_3Q_ 

_2%_ 

1 

X 

X 

s_ 

/ at 
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Stratigraphi  c 
Descri  ption 


JUNIATA  RIVER  SECTION 


— 

Z 

E 

D 

Thickness 

Totol 

Thickness 

Color 

Groin  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

| Fissility  1 

Fossils 

1 Trace  Fossils] 

| Cross  Bed. 

I Lood  Struc  1 

1 Movement 

Miscellaneous 

I 

n 

m 

Sh 

I 

n 

in 

83 

3 

751 

CJ 

cs-f 

60 

20 

-20_ 

3%. 

-Ah 

3- 

5% 

756k 

C 

II 

20 

15 

65 

2 

i 

2 

2 

83 

2 

758k 

C 

II 

70 

30 

_3%^ 

3 

1 

2 

X 

lk 

760 

G 

cs 

80 

20 

1 i 

3 

5 

765 

J 

cs-f 

40 

10 

50 

3 

X 

X 

eroded  base 

4 

769 

J 

cs 

80 

20 

. %_ 

3 

s 

6% 

775k 

J 

cs-f 

40 

20 

40 

9% 

lJl_ 

3 

s 

4 

X 

X 

cast  on 

cast 

90 

3 

778k 

J 

II 

10 

80 

10 

...2% 

A. 

3 

X 

X 

eroded  base 

3k 

782 

J 

II 

90 

tr. 

10 

2% 

3 

2 

784 

J 

cs 

70 

u 30 

. i% 

3 

s 

2 

786 

J 

cs-f 

95 

5. 

l-4%l 

.4 

s 

7% 

7933; 

J 

II 

25 

50 

25 

3% 

l 

3 

s 

95 

6 

799% 

J 

50 

10 

40 

4 

3/4 

3 

2 

s 

2% 

802 

CF 

II 

80 

20 

5 

3 

3 

5% 

807% 

CG 

II 

35 

65 

5 

2 

3 

X 

8 

815% 

CG 

100 

3 

2 

small  folds 

99 

16% 

832 

CG 

100 

3. 

1 

fault  zone 

isol.  foss. 

100 

2 

834 

G 

cs-f 

80 

20 

.4.. 

1. 

X 

14 

848 

covered 

7 A? 

855% 

C 

cs-f 

30 

35 

35 

4 

2 

2 

X 

8 

863% 

C 

II 

20 

80 

2 

2 

1 

X 

1 5 

878% 

G 

II 

60 

tr. 

40 

5 

2 

41 

L05 

63? 

885 

CG 

cs 

85 

15 

3/4 

2 

2 

8 

893 

C 

cs-f 

5 

85 

10 

]k 

1 

2 

N.80E.  64n"1~ 

41 

934 

covered 

52 

986 

CJ 

cs-f 

5 

85 

10 

? 

1 

2 

1 

pwr. lines 

1 

987 

G 

II 

60. 

- 40 

5 

2 

X 

N.85E.  63n!~ 

LIQj 

13 

1000 

G 

cs 

85 

1 5 

? 

2 

22 

1022 

G 

cs-f 

?0 

65 

1 5 

3 

3 

2 

4 

102.6 

C 

II 

30 

70 

,3/4 

2 1 

2_ 

?? 

1048 

covered 

10154%. 

cs-f 

25 

75 

1 % 

1 

S 

argill. 

5k 

1060 

1 

no 

II 

15 

ID 

11 

3 

3/4 

2 

clav  ealls 

6% 

1066% 

D 

II 

5 

10 

85 

3 

3/4 

1_ 

_4%_ 

1071 

. B 

II 

.75. 

25 

2 

1 

s 

3 

in  road-cut 

J.  - 

1072— 

n 

II 

10Q 

12 

_5 

107.7_. 

_QG 

II 

. 3 

_8Q 

1 5 

5 , 

1 % 

1 1 

4 

120. 

4 

1081 

_DG 

cs 

95 

5 

1 

2. 

._4%_ 

1085% 

DG 

cs-f 

„65 

? 5 

ia 

4%. 

1 

s 

-2-  _ 

1087%. 

_CS  - - 

60 

4Q 

2 

4 

2 

. 

1090% 

QG 

cs-f 

30 

. 2Q 

50 

3%. 

1% 

1 

3. 

s 

7 — 

1100%. 

I.DCG 

II 

1£G 

. 65- 

lx. 

25. 

1%, 

1 

s 

L 25- 

4 

1104% 

DC 

II 

70 

10 

?n 

3 

1 

1 

5 

1109% 

■BOG 

II 

—50... 

_11L 

tr. 

_ZfL 

_1%_ 

1 

1 

£. 
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Stratigraphic 
Descri  ption 


JUNIATA  RIVER  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

| Fissility  j 

Fossils 

| Trace  Fossils) 

| Cross  Bed.  [ 

| Lood.  Struc.  | 

| Movement  | 

Miscellaneous 

I 

n 

m 

Sh 

I 

n 

hi 

127 

21 

1112 

DG 

cs-f 

70 

20 

10 

5 

2 

4 

12.8 

3 

1115 

DG 

cs 

10 

90 

l 

2 

1 

1116 

GD 

cs-f 

100 

PTG 

4 

no 

3 

1119 

DG 

If 

30 

20 

50 

3 

2 

2 

argill. 

4 

1123 

DG 

II 

20 

70 

10 

4 

2 

2 

2 

s 

4 

clay  galls 

SI 

11281 

DG 

II 

10 

80 

10 

3% 

2 

12% 

1141 

DCG 

II 

15 

60 

25 

_4i. 

3 

2 

2 

argill. 

2. 

1143 

DG 

11 

90 

10 

7 

1 

3 

- I 

ns 

21 

11451 

CD 

11 

40 

60 

2% 

1 

6 

11511 

DG 

II 

65 

10 

25 

4% 

2 

1 

3 

3 

11541 

GD 

II 

30 

20 

50 

4 

Ik. 

2 

3 

11571 

DG 

II 

70 

20 

10 

.5 

3 

JL 

4 

11 

1159 

ICG 

II 

25 

15 

60 

1% 

3/4 

2 

4 

140 

51 

11641 

CD 

II 

85 

15 

5 

1 

4 

2% 

1167 

CD 

II 

20 

40 

40 

2% 

1 

1 

3 

3 

1170 

CD 

11 

50 

15 

35 

5 

1 

1 

4% 

T— 1 

r— ! 

CD 

11 

30 

20 

50 

4 

1% 

1 

2 

s 

S 

11791 

CD 

II 

80 

20 

5 If 

1 

Pwr.Dole  54 

145 

4 

1 

GD 

II 

60 

20 

20 

2% 

3/4 

1, 

vert,  dip 

10 

1193% 

GD 

11 

20 

80 

2 

1 

on  hillside 

10 

1 203% 

on 

11 

10 

90 

? 

1 

8ic 

1717 

nT 

It 

SO 

40 

10 

4 

? 

? 

monocline 

11% 

1223% 

GDT 

II 

60 

20 

20 

4 

3/4 

2 

in  road-cut 

1 so 

6 

12791 

onT 

II 

60 

30 

10 

4 

3/4 

1 

3 

s 

S 

12341 

DT 

11 

95 

5 

2% 

2 

vague  bdg. 

7 

1241% 

GT 

II 

60 

10 

70 

10 

3% 

1^ 

3/4 

1 

3 

1244% 

OG 

II 

10 

80 

10 

2 

1 

2 

1% 

1246 

DG 

11 

_90 

10 

5 

_L 

1 ss 

1252% 

GG 

11 

35 

10 

55 

? 

1 

1 

s 

12 

1 264% 

one 

11 

80 

70 

7 

3 

17 

1776% 

ono 

II 

40 

60 

?% 

1 

on  hillside 

1 S8 

8% 

1785 

onr. 

II 

90 

10 

5^ 

1 

in  road-cut 

at  culvert  . 

153. 

3 

1288 

GG 

cs-f 

30 

40 

30 

3^ 

1 if 

1 60 

8 

1296 

CG 

II 

85 

1 5 

6 

1 

.3% 

12991 

GG 

II 

75 

55 

70 

?% 

1 

? 

7% 

HQlJ 

GG 

II 

70 

65 

15 

? 

1 

1 

_6_ 

1 31  3 

GG 

II 

60 

30 

10 

9 

1 

? 

__3. 

J 31,6 

GG 

II 

10 

75 

1 5 

2^ 

1 

? 

4 

.1.65 

41 

1 37  Si 

GG 

II 

sn 

35 

1 5 

7% 

1 

? 

3 

71 

1333' 

CG 

II 

65 

25 

10 

4% 

lk 

2 

Pwr.pole  55 

_15_ 

I248_ 

CDG 

II 

25 

65 

10 

2% 

1 

2 

4 

5 

1353 

CGD 

II 

50 

45 

5 

6 

1% 

2 

s 

12... 

JL365_ 

CG 

II 

25 

65 

10 

2% 

1 

2 

120 

6 

1371 

GG 

II 

60 

30 

10 

3 

1% 

2 

3 

-154 

1 386^ 

. CG 

II 

Li 

—55. 

_L5_ 

15 

1_ 

L— Li 

Ji/4 

lZ 

Li 

i 

1 
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Strotigraphi  c 

_ y.  JUNIATA  RIVER  SECTION 

Description 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

>» 

«/) 

\Z 

Fossils 

| Trace  Fossi  1 s | 

| Cross  Bed. 

| Load  Struc  | 

1 Movement 

Miscellaneous 

I 

n 

in 

Sh 

I 

n 

JR 

172 

3% 

1390 

CG 

CS-f 

50 

20 

10 

20 

4% 

i 

%_ 

X 

_2J 

173 

16 

1406 

CG 

CS-f 

20 

40 

20 

20 

3 

i 

_HA 

2 

j 

2% 

00 

o 

r— 1 

CG 

It 

70 

10 

20 

5^ 

i 

1 

175 

6k 

1415 

CG 

ft 

25 

25 

10 

40 

3 

i% 

2 

j 

1418% 

CB 

II 

45 

20 

35 

' 7 

i 

X 

5 

1423% 

CF 

II 

60 

40 

3% 

1 

3 

1426% 

CBF 

cs 

30 

70 

i 

1 

4 

1430% 

CF 

CS-f 

50 

20 

30 

2 

i% 

J. 

_s 

180 

1 

1431% 

CF 

If 

100 

14 

.£ 

11% 

1443 

CBF 

II 

50 

20 

30 

2 

__%_ 

2 

2 

jvagne  -Mgj 

8 

1451 

CB 

I! 

35 

40 

10 

15 

3% 

2% 

% 

2 

3 

7 

1458 

CBF 

It 

80 

20 

6 

x 

JL 

cony. bdg- 

2 

1460 

CF 

CS 

75 

25 

2 

2 

185 

8 

1468 

CF 

cs-f 

70 

10 

20 

3 

2 

2 

3 

4 

4 

1472 

CF 

II 

80 

10 

10 

6 

1 

2 

6k 

1478% 

CB 

II 

35 

15 

50 

1% 

1 

1 

1* 

1480 

C 

II 

100 

18 

3 

1483 

CB 

II 

40 

20 

40 

2 

li 

1 

190 

2 

1485 

CB 

cs 

20 

80 

JL 

1 

flrgl 1 1 , 

14% 

1499% 

CB 

cs-f 

90 

10 

5 

2 

vapup  hdp. 

18% 

1518% 

CB 

100 

3 

— 

11 

1529 

B 

100 

? 

194 

12 

1541 

B 

J00 

? 

Inrig 

1 ntpn;a  I . 

p.nd  sp.r.riori 
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Section  10,  Millerstown 

The  Trimmers  Rock  Member  is  exposed  dipping  south  along  the  Pennsyl- 
vania Railroad  about  1 miles  south-southeast  of  Millerstown,  in  Tuscarora 
Township,  Perry  County.  The  exposures  occur  in  the  Millerstown  15-minute 
quadrangle  on  the  west  bank  of  the  Juniata  River  in  railroad  cuts,  small 
stone  quarries,  and  road-cuts. 

Below  the  lowest  red  shales  of  the  Catskill  at  a point  3700'  south  of 
40°32'30"N  and  5900'  west  of  77°07'30"W,  1220  feet  of  the  Trimmers  Rock 
is  exposed.  The  lowest  rocks  exposed  occur  in  cuts  on  a paved  country  road 
at  a point  2250'  south  of  40°32'30"N  and  3350'  west  of  77°07'30"W.  A 
small  stream  valley  separates  the  lowest  Trimmers  Rock  from  dark  gray  shales 
of  the  Harrell  Shale. 
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Stratigraphi  c 
Descri  ption 


MILLERSTOWN  SECTION 


Unit  No. 

Thickness 

Totol 

Thickness 

Color 

Groin  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

| Fissility 

Fossils 

| T race  Fossils  | 

[ Cross  Bed. 

| Load.  Struc  | 

| Movement 

Miscellaneous 

I 

n 

nr 

Sh 

I 

IT 

HI 

18 

red 

cs-f 

20 

80 

3 

i 

Catskill 

R.R.  cut 

1 

15* 

15* 

CG 

cs-f 

10 

50 

40 

2 

3 

4 

15 

30* 

CG 

II 

80 

10 

10 

6 

1* 

3 

1 

Pwr.  pole 

48 

78* 

CG 

II 

10 

10 

80 

, 2 

1 

3 

21 

99* 

C 

II 

_jia 

^^50. 

_2DJ 

2 

21 

5 

21* 

121 

C 

II 

35 

35 

30 

. L 

24 

145 

CJ 

II 

h_£0 

ID 

10 

_8. 

—2 

_3_ 

L 

ml  dp  sar 

19 

164 

C 

II 

75 

25 

_7  _ 

1 

L 

on  hill  side 

11 

175 

C 

II 

25 

75 

3 

1 

13 

188 

CDT 

cs 

40 

60. 

3 

3 

10 

22* 

2101; 

DTC 

cs-f 

20 

10 

70 

^2_ 

1 , 

2. 

207„  covered 

12 

222* 

CDI 

II 

15 

tr. 

85 

1* 

J. 

12 

28 

250* 

C 

tt 

15 

35 

50 

2* 

1 

3 

end  cul 

de  sac 

13 

21 

271* 

C 

cs-  f 

15 

25 

60 

3 

2L 

R.R.  cut 

9 

280* 

CKT 

II 

25 

75 

1*- 

1 

spring 

15 

10* 

291 

C 

cs 

9D_ 

2_ 

ll_ 

[A 

13 

304 

C 

cs-f 

_ 10 

65 

_„25 

4 

1 

10 

314 

c 

II 

95 

5 

6 

J 

>TG2 

5 

319 

C 

II 

80 

5 

1 5 

4 

1 

3 

1_ 

9* 

328* 

c 

II 

40 

35 

25 

5 

1* 

3 

3 

20 

9 

337* 

CJ 

II 

90 

5 

5 

7 

2 

1 

|>Tg4 

3* 

341 

CJ 

II 

95 

5 

8 

1 

pTC 

P1 

14 

355 

CJ 

II 

80 

5 

15 

4 

1 

3 

1 

s 

2* 

357* 

CJ 

II 

75 

25 

7 

3 

8* 

366 

J 

II 

5 

10 

85 

2 

1* 

3 

25 

4 

370 

GC 

II 

90 

10 

^5 

3 

1 

2* 

372*i 

J 

II 

60 

40 

5 

3 

X 

12* 

385 

JC 

CS 

30 

70 

1* 

3 

5*_ 

390* 

J 

cs-  f 

15 

55 

30 

2 

1 

3 

1 

2 

392* 

J 

II 

85 

15 

7 

3 

30 

5* 

'398 

J 

cs 

50 

50 

1 

3 

9* 

407* 

J 

II 

70 

30 

1 

3 

13 

420* 

JC 

cs-f 

15 

50 

35 

3 

2 

3 

2 

s 

4 

_2*J 

423 

J 

II 

60 

40 

4 

3 

,4 

X 

Pwr.  pole 

11 

434 

J 

cs 

50 

50 

3 

3 

high  incut 

35 

4 

438 

J 

cs-f 

100 

7 

X 

5 

443 

JC 

II 

65 

35 

7 

3 

9 

452 

JGC 

It 

50 

15 

, 35 

5 

2 

3 

2 

21 

473 

C 

cs 

10 

90 

1 

3 

1 

19 

492 

C 

cs-f 

70 

30 

5 

3 

X 

X 

eroded  base 

40 

26 

518 

C 

cs 

50 

50 

3 

3 

Pwr.  pole 

207,  covered 

41 

39 

^527 

_ c_ 

cs-f 

_1.Q. 

70 

20 

2 

? 

3 

42 

3 

560 

c 

II 

70 

30 

6 

3 

166 


DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


Stratigraphi  c 
Descri  ption 


MILLERSTOWN  SECTION 


Unit  No 

Thickness 

Tot  ol 

Thickness 

Color 

Groin  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

Fissility 

Fossils 

a* 

in 

in 

O 

Ll- 

cu 

o 

o 

k_ 

H 

Cross  Bed. 

Load.  Struc. 

Movement 

Miscellaneous 

I 

n 

nr 

Sh 

I 

n 

m 

43 

16% 

576% 

C 

cs-f 

5 

40 

55 

2 

i% 

3 

4 

14 

590% 

C 

II 

15 

35 

50 

3 

2 

3 

45 

4 

594% 

C 

II 

75 

25 

7 

3 

11% 

606 

C 

It 

20 

30 

50 

2% 

2 

3 

13 

619 

CB 

cs 

20 

80 

2 

3 

11 

630 

B 

cs-f 

90 

10 

9 

i 

■’TC 

1 

X 

22% 

652% 

B 

II 

50 

tr. 

50 

1% 

1 

4 

siltv  shale 

50 

21 

673% 

C 

sheared 

shale, fault 

51 

18% 

692 

c 

cs-f 

40 

60 

4 

3 

10% 

702% 

B 

II 

70 

30 

7 

1 

2 

20 

722% 

B 

If 

10 

90 

2 

3 

11 

733% 

B 

II 

60 

40 

2 

3 

S 

55 

12% 

746 

B 

If 

75 

25 

8 

3 

8% 

754% 

B 

cs 

60 

40 

1 

3 

6 

760% 

DI 

cs-f 

85 

15 

6 

3 

3 

763% 

DT 

If 

10 

90 

2 

1 

siltv  shale 

9 

772% 

COT 

If 

85 

15 

12 

1 

N.70E.  58S? 

60 

37% 

810 

covered 

6 . 

816 

0 

cs-f 

60 

40 

8 

3 

N.75E.  ess'!' 

5% 

821%, 

0 

fl 

80 

?0 

14 

1 

11 

832% 

c. 

If 

75 

25 

12 

1 

.28^ 

860%, 

c 

tl 

75 

25 

9 

3 

old  quarry 

_6X 

? 

862% 

DT 

f-m 

100 

24 

grad pH  hdg. 

14 

876% 

DT 

cs-f 

70 

30 

3 

3 

17 

CO 

Jr 

C 

II 

85 

1 5 

3 

3 

s 

2 

_a 

902% 

c 

If 

80 

20 

3 

3 

s 

2 

ledge 

25 

927% 

0 

ff 

1 5 

tr. 

85 

1% 

3 

sil  tv  shale 

_ZQj 

12 

939% 

0B 

II 

75 

25 

2 

3 

4 

9 

1 

X) 

o> 

OB 

If 

40 

tr. 

60 

1% 

3 

JJ3%_ 

9S9~ 

OR 

II 

70 

30 

5 

3 

-6. 

-965 

C 

If 

JLO 

9Q 

3/4 

1 

4 

969 

Cl 

If 

80 

20 

6 

3 

_Z5. 

.14%. 

.9834 

OT 

If 

35 

65 

5 

3 

cl av-rich 

12 

995% 

r.T 

ff 

60 

40 

4 

3 

N.75E.  50S. 

Z%_ 

1003  ' 

OT 

If 

20 

1 5 

65 

1 

3/4 

3 

end  quarry 

JZ8_ 

30  _ 

1Q5X 

covered 

stream 

va 1 1 ev 

_za. 

9 

1062 

DTO 

rs-f 

10- 

90 

2 

3 

at  culvert 

road 

-an 

10 

1072 

OT 

rs-f 

35 

65 

5 

3 

N.70E.  648. 

8%- 

1080% 

G- 

II 

40 

6a 

3 

3 

r 1 fly-r i rh 

13 

1093% 

Cl 

II 

65 

25 

10 

8 

2 

3 

isol.  foss. 

83 

rMl 

X 

.1.1  Q2  . 

-XX- 

II 

—25 

tr. 

_Zi 

_!%_ 

JL 

clay-rich 

I 


1 

-I 

J 


t 
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Stratigraphic 

Description 


MILLERSTOWN  SECTION 


6 

z 

c 

D 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissilify  | 

Fossils 

«/) 

5> 

o 

U- 

03 

O 

o 

h- 

TJ 

03 

CD 

«n 
» n 
O 

O 

Load.  Struc. 

C 

03 

6 

O) 

> 

o 

2E 

Miscellaneous 

I 

n 

m 

Sh 

I 

TL 

m 

34 

8 

1110 

CB 

cs-f 

75 

6 

.1 

35 

2 

1112 

B 

If 

10 

90 

21k, 

3 

5 

1117 

B 

II 

25 

tr, 

75 

1% 

J. 

1 

1118 

DIC 

II 

90 

10 

3 

JL 

5% 

1123% 

CDI 

II 

40 

60 

JIA\ 

3 

4% 

1128 

DIC 

II 

80 

20 

4 

3 

irreg.  bdg. 

90 

1 

1129 

DI 

100 

1 

6 

1135 

DI 

cs-f 

90 

10 

4 

3 

1138 

DIG 

II 

20 

tr, 

80 

2 

2. 

3% 

1141% 

DI 

II 

60 

40 

8 

2. 

3 

clay-rich 

20 

1161% 

GDI 

II 

25 

75 

3 

JL 

95 

5 

1166% 

G 

100 

3 

c lav- rich 

123? 

1179 

G 

cs-f 

50 

50 

4 

JL 

213; 

1200% 

GDI 

ft 

35 

65 

3 

JL 

98 

22 

1222% 

GDI 

It 

10 

tr, 

90 

1% 

clav-rich 

N.70E.  54st" 

covered  to 

Hamil ton 

shale 

across 

val 1 ev 

— 

— _ 
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Section  11,  Liverpool 

The  Trimmers  Rock  was  studied  in  road-cuts  and  natural  exposures  along 
Routes  11  and  15,  3 miles  north  of  Liverpool  in  Liverpool  Township,  Perry 
County.  The  basal  Catskill  red  shales  dip  south  in  road-cuts  at  a point  7550' 
south  of  40°37'30"N  and  1200'  east  of  76°57/30"W  on  the  Millersburg  7^2- 
minute  quadrangle.  A section  including  8193  2 feet  of  Trimmers  Rock  was 
measured  in  the  road-cuts,  but  it  was  necessary  to  climb  the  bluff  to  measure 
the  following  297}^  feet.  The  lower  portion  of  the  section  was  measured  along 
the  highway  cut  and  in  natural  exposures  behind  the  roadside  buildings. 

The  northernmost  outcrop,  adjacent  to  a small  unnamed  stream,  reveals 
dark  gray  shales  in  the  core  of  an  anticline.  Estimated  thickness  of  the  shales 
is  not  reliable  because  of  structure.  A long  covered  interval  showing  occa- 
sional outcrops  of  very  dark  gray  shale  which  weathers  buff  was  measured  to 
a point  where  float  blocks  of  fossiliferous  limy  shale  were  found.  This  ques- 
tionable occurrence  of  Tully  Limestone  lies  along  the  north  side  of  a farm 
road  about  3950'  south  of  40°37'30"N  and  250'  east  of  76°57/30,,W. 
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Stratigraphic 

Description  LIVERPOOL  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Groin  Size 

% Lithology 

Average 

Bedding 

Thickness 

>• 

to 

CO 

ll 

Fossils 

Trace  Fossils] 

| Cross  Bed. 

I Load.  Struc  1 

| Movement 

Miscellaneous 

I 

n 

m 

Sh 

I 

n 

in 

6 

red 

100 

1 

Ca  t s ki 1 1 , 

In  naadrcut. 

1 

17 

17 

JH 

100 

L 

s 1 1 ty shale 

11 

28 

covered 

28 

56 

D 

100 

) 

JL 

.Pwr  pole  4.3. 

18 

74 

covered 

5 

23* 

97* 

DI 

cs-f 

5 

95 

9 

i. 

2Q7„  covered 

in  ciitjhase 

6 

71 

168* 

DI 

cs-f 

tr 

100 

L 

at  culvert 

7 

451; 

204 

covered 

191; 

223* 

DG 

cs-  f 

40 

60 

4 

1 

s 

Pwr,  pole  4 A 

26 

249* 

DI 

II 

5 

95 

1* 

£_ 

sheared 

10 

3 

252* 

J 

It 

60 

40 

2 

1 

s 

2* 

255 

J 

II 

10 

70 

20 

3 

i* 

2 

257 

J 

II 

80 

15 

5 

2 

i 

i 

Tf 

s 

4 

6"  sets 

2 

259 

J 

CS 

85 

15 

l 

i 

TH 

1 

260 

J 

cs-f 

90 

10 

3 

1 

15 

12* 

272* 

J 

cs 

80 

20 

i_  _ 

3lJ 

s 

iso] , fnfiR, 

5 

277* 

D 

cs-  f 

75 

5 

20 

6 

i 

2 

1 

Jt 

i snl  . fns.Q 

15 

292* 

D.T 

II 

10 

I 60 

2 

2 

2 

Iron  -stain ... 

12* 

305 

D.T 

II 

20 

30 

50 

1 * 

2 

s 

3 

7 

312 

DJ 

II 

75 

1 5 

10 

6% 

2 

2 

1 

3 

20 

3 

315 

D 

II 

95 

5 

1 

316 

D 

cs 

90 

10 

1* 

3 

sheared 

8 

324 

J 

silty 

100 

3 

13 

337 

DJ 

cs-f 

70 

30 

12 

2 

X 

X 

eroded  base 

5 

342 

D 

II 

95 

5 

6 

1 

s 

3 

X 

25 

5 

347 

DJ 

II 

25 

55 

20 

3 

2i_ 

2 

4 

iron  stain 

_3*_ 

350* 

DJ 

II 

35 

55 

10 

5 

3 

2 

3 

41 

iron  stain 

354 

DJ 

CS 

90 

10 

2 

2 

X 

iron  stain 

6 

360 

DJ 

It 

90 

10 

j 

2 

4 

culvert 

6* 

366* 

DJ 

cs-f 

65 

20 

15 

7 

3 

2 

2 

X 

iron  stain 

30 

370 

DJ 

II 

10 

60 

30 

3 

3 

2 

iron  stain 

12 

382 

D 

II 

15 

75 

10 

4 

5 

1 

2 

3 

X 

argil 1 . 

6 

388 

DJ 

siltv 

100 

3 

iron  stain 

5 

393 

J 

cs-f 

80 

20 

7 

2 

3 

X 

X 

O.T.  sole 

4 

397 

DJ 

II 

80 

10 

10 

5 _ 

IJl 

2 

3 

X 

? 

eroded  base 

35 

5 

402 

DJ 

II 

30 

50 

20 

4* 

3* 

2 

s 

,4 

Pwr. pole  45 

7* 

409* 

D 

II 

5 

65 

30 

2* 

2 

2 

X 

sheared 

37 

4 

413* 

DJ 

It 

70 

30 

9 

2 1 

X 

? 

eroded  base 

iron  stain 

1£_ 

_4L5_ 

_ _J_ 

cs-f 

100 

18? 

11*-. 

426* 

DJ 

II 

10 

65 

23 

2 

2* 

4 

2 

ML 

__i*_ 

428 

DJ 

II 

? 5 

60 

1 5 

3 

1% 

? 

? 

iron  s ta_in_ 

ML 

_A_ 

432 

...DJ. 

II 

20 

tr 

1 

2 
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Stratigraphic 

Description  LIVERPOOL  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

>* 

(/> 

</> 

ll 

Fossils 

Trace  Fossils 

Cross  Bed. 

1 Load.  Struc.  1 

I Movement 

Miscellaneous 

I 

n 

IE 

Sh 

I 

n 

III 

42 

3 

435 

D 

cs-  f 

60 

40 

4 

3 

1 

s 

argill. 

21 

4371 

D 

II 

35 

65 

31 

307.  covered 

4 

4411 

D 

II 

10 

80 

10 

3 

2 

2 

45 

10 3f 

452 

D 

II 

5 

80 

15 

IV 

11 

2 

s 

X 

11 

463 

D 

II 

5 

30 

65 

■ 2 

1 

2 

s 

X 

2k 

4651 

D 

II 

5 

20 

75 

11 

1 

2 

x 

argl 1 1 . 

4 

4691 

D 

II 

30 

50 

20 

6 

1 

? 

3 

,s 

X 

argl 1 1 . 

7k 

477 

D.T 

CS 

1.0 

90 

1 

1 

Iron  stain 

50 

49 

526 

D.T 

cs-f 

10 

5 

85 

2 

1 

1 

607,  covered 

12 

538 

D.T 

II 

10 

20 

70 

3 

1 

2 

s 

iron  stain 

9 

547 

covered 

101; 

5571 

P 

cs-f 

1 5 

70 

1 5 

4 

21 

?. 

4 

S 

X 

argill . 

4 

5611 

PJ 

II 

75 

15 

10 

3 

2 

2 

1 

4 

55 

51 

567 

DJ 

II 

20 

60 

20 

3 

2 

2 

3 

3 

argill. 

11 

578 

II 

60 

25 

15 

31 

11 

2 

4 

s 

X 

culvert 

3 

581 

DJ,. 

II 

5 

70 

25 

2 

21 

2 

9 

JiM. 

.J3J 

II 

1 5 

75 

10 

31 

3 

?. 

10 

600 

P.T 

II 

30 

55 

1 5 

31 

? 

? 

3 

Pwr.  pole.  4 

60 

6061 

n 

cs 

90 

10 

? 

2. 

3 

4 

X 

6024_ 

_D  _ 

cs-f 

75 

10 

1 5 

5 

u 

? 

1 

7 

6161 

n,T 

II 

?0 

35 

45 

?! 

1 

? 

3 

S 

X 

,i! 

626 

n 

II 

55 

30 

1 5 

3 

l! 

? 

3 

£ 

3 

3! 

6291 

CJ 

II 

15 

65 

20 

3! 

2 

2 

1 

s 

2 

X 

65 

4 

6331 

D 

II 

30 

55 

15 

3 

11 

2 

1 

s 

8i> 

642 

DCJ 

II 

10 

70 

20 

3 

2 

2 

2 

s 

14 

656 

CJ 

II 

5 

65 

30 

2 

2 

2 

3 

68 

10 

666 

CJ 

cs 

20 

80 

1 

1 

end  large 

cut- 

69 

16 

683 

CJ 

cs-f 

20 

10 

70 

4 

1 

1 

cul  de  sac 

70 

13 

695 

covered 

18 

713 

DI 

cs-f 

10 

90 

2 

1 

in  low  cut 

11 

724 

covered 

11 

735 

DIJ 

cs-f 

40 

60 

6 

1 

on  hillside 

14 

749 

DI 

II 

70 

30 

5 

1 

75 

8 

757 

DI 

II 

20 

80 

2 

1 

in  low  cut 

15 

772 

DI 

II 

75 

25 

4 

1 

4 

8_i 

7801 

DI 

II 

95 

5 

40? 

1 

contorted 

786 

D 

II 

60 

40 

4 

1 

on  hillside 

9 

795 

covered 

80 

22 

817 

DI 

cs-f 

15 

80 

2 

11 

1 

2\ 

8191 

D 

It 

100 

30? 

Pwr. pole  47 

8 

82,7.1 

C 

II 

50 

10 

40 

12 

3 

1 

on  hillside 

5 

8321 

DI 

II 

25 

75 

2 

1 

s 

2 

siltv  shale 

JLi 

834 

c 

II 

100 

9 

X 

]zi 

8411 

G 

II 

30 

rr 

70 

11 

1 

silty  shale 

_afi_ 

-34 

845 

DIG 

II 

60 

40 

4 

1 

3 

3"  sets 
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Stratigraphic 

Description  LIVERPOOL  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

1 Fissility  j 

Fossils 

1 Trace  Fossilsl 

| Cross  Bed. 

| Load.  Struc  | 

c 

a> 

6 

a> 

> 

o 

5 

Miscellaneous 

I 

n 

in 

Sh 

I 

n 

in 

87 

6 

851 

C 

cs-f 

40 

rr 

60 

i 

2 

3% 

00 

Ln 

4> 

C 

II 

75 

25 

3 

i 

3 

2 

vO 

m 

00 

C 

II 

75 

tr" 

25 

i 

90 

4 

8603 

C 

II 

25 

tr 

75 

__li 

i 

1 

silty  shale 

1% 

862 

CD 

II 

80 

20 

. 2 

i 

1 

X 

2 

864 

C 

It 

15 

85 

Ah 

i 

4 

4i 

868i 

C 

II 

50 

50 

li 

i 

ih 

870 

DI 

II 

90 

10 

5 

i 

95 

li 

881 

C 

It 

70 

15 

15 

3 

i 

i 

s 

2 

5 

886 

Cl 

If 

20 

tr 

80 

ii 

i 

s 

3 

1 

887 

Cl 

If 

70 

tr 

30 

i 

4 

4 

891 

Cl 

If 

40 

60 

ii 

i 

4 

li 

8921 

C 

If 

65 

tr 

35 

i 

3 

100 

6 

8981 

Cl 

II 

25 

75 

_ 

_i h 

i 

3 

2% 

901 

Cl 

cs 

60 

4 q 

i_ 

i 

2 

903 

C 

cs-f 

30 

tr 

70 

ii 

i 

20%  covered 

10 

913 

Cl 

ft 
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tr 
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38 
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3 
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CD 

If 
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3 

1 

5 
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D 

II 
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75 

tr 

3 
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3 

1 

10 
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CD 

II 
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10 

10 

4 

i^ 
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s 

8% 
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DC 

If 

L5 
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5 

2 

2 

3 

3 
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D 

If 

63 
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4 

li 

2 

Pwr.pole  49 

2 
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D 

If 
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D 
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cs-f. 
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X. 
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Stratigraphi  c 
Descri  ption 


LIVERPOOL  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Groin  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

Fissility 

Fossils 

Trace  Fossils 

Cross  Bed. 

Load.  Struc 

Movement 

Miscellaneous 

I 

n 

in 

Sh 

I 

E 

in 

133 

11% 

1374 

D 

cs-f 

30 

65 

5 

2 

2 

3 

1 

7% 

13813; 

D 

II 

20 

70 

10 

2 

5 

3 

135 

11 

13921 

D 

100 

3 

4 

5 

13971 

D 

cs-f 

80 

20 

6 

2 

14% 

1412 

D 

II 

15 

70 

10 

5 

, 3 

2 

%_ 

3 

3 

2 

X 

138 

1% 

14131 

D 

It 

30 

70 

9 

3 

X 

discont. 

high  in  cut 

139 

36 

14491 

D 

cs-f 

15 

70 

10 

5 

4 

2 

% 

3 

3 

2 

X 

140 

24 

14731 

D 

11 

25 

_ZO 

tr 

5 

_6 

3_ 

3 

X 

27 

15001 

D 

II 

5 

75 

5 

1 5 

? 

4 

% 

3 

X 

Pur.pnl  p Sfl 

6% 

1507 

CD 

II 

45 

25 

30 

_3% 

3 

2 

X 

8% 

15151 

C 

It 

5 

80 

15 

2 

3 

2 

s 

% 

1516 

C 

II 

100 

5 

145 

14 

1530 

C 

II 

10 

70 

20 

3 

2J 

2 

9% 

1539% 

C 

If 

5 

15 

80 

2 

% 

3 

fault  (?) 

10 

1549% 

C 

II 

10 

50 

40 

3 

2 

1 

1550% 

C 

II 

100 

9 

1 

9 

1559% 

C 

If 

5 

55 

5 

35 

3 

2 

3/4 

2 

X 

150 

2 

15611 

C 

11 

40 

45 

5, 

10 

7 

3% 

% 

2 

si 

X 

laminated 

5% 

1567 

C 

11 

5 

90 

5 

4 

..2% 

2 

8% 

1575% 

C 

11 

15 

75 

10 

4% 

3 

2 

X 

irree.  bde. 

2 

1577% 

CD 

ft 

80 

5 

15 

1% 

1 

2 

s 

X 

6% 

1584 

C 

II 

5 

85 

10 

2 

1% 

2 

irreg.  bdg. 

155 

8 

1592 

C 

silty 

100 

3 

s 

small  fault 

5 

1597 

C 

.cs 

90 

10 

3 

2 

s 

X 

4 

1601 

C 

cs-f 

30 

60 

10 

5 

3 

2 

4% 

1605% 

C 

11 

5 

75 

20 

2% 

2 

2 

4 

2 

1607% 

C 

If 

90 

10 

7 

2 

160 

8 

1615% 

C 

cs 

25 

75 

1% 

1 

2 

1617% 

CD 

cs-f 

80 

10 

10 

_5i 

2 

2 

X 

5% 

1623 

C 

If 

5 

80 

1 5 

2% 

2i 

2 

4 

X 

2 

1625 

CD 

11 

90 

10 

10 

PT 

3 

3 

1628"1 

C 

11 

75 

15 

10 

3 

1^ 
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X 

165 

8 

1636 

C 

11 

20 

55 

25 

3 

1% 

2 

4 

1 

1637 

CD 

11 

100 

5% 

8 

1645 

C 

cs 

15 

85 

1 

2 

argil 1 . 

3A 

1648% 

CD 

cs-f 

80 

20 

6 

1 

X 

169 

16 

1664_% 

CD  I 

ff 

25 

5 

70 

3% 

1 

1 

s 

end  large 

pole  51 

170 

32 

1696% 

cs-f 

20 

80 

2 

1 

on  hillside 

1711 

15  3 

1849% 

CDR 

II 

5 

5 

90 

2\ 

1 

s 

sil tv  shale, 

on  hillside. 

07.  covered 

172 

10% 

1860 

CR 

cs-f 

70 

30 

? 

1 

s 

hphlnH  hlrlg. 

173 

Tj 
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CD 

If 

25 

75 

2 

-A 
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Stratigraphic 

Description  LIVERPOOL  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

I Fissility  j 

Fossils 

| Trace  Fossi  1 s | 

| Cross  Bed. 

| Load.  Struc  | 

| Movement 

Miscellaneous 

I 

n 

nr 

Sh 

I 

IT 

in 

174 

9 

1882 

CB 

cs-  f 

65 

33 

4 

i 

171 

11% 

18931 

CB 

II 

10 

tr 

90 

1 4 

i 

6 

18991 

CB 

II 

25 

75 

1A 

l 

£ 

behind  bldg, 

49 

19481 

BC 

II 

5 

5 

9q 

% 

i 

Burke t (?) 

5 

19531 

BC 

If 

20 

sq 

, 2 

l 

179 

6% 

1960 

B 

loq 

2j 

clay-rich 

core  of 

anticline 

18C 

i% 

19611 

BC 

silty 

loq 

C 

181 

10 

19711 

sync  line 

covered 

182 

10 

19811 

RC 

10C 

50%  covered 

12 

19931 

BC 

cs-  f 

1C 

ti 

90 

1A 

1 

N65E59S  — 

300 

22931 

L_ 

covered 

18f 

float  of 

limey  It.  tc 

med. gy. sh. 

in  bank  of 

s tream. 

Tullv  (?) 

— 

1 
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Section  12,  Red  Gross 

The  Trimmers  Rock  is  exposed  on  the  south  limb  of  a shallow  syncline  in 
road-cuts  along  Route  225  about  % mile  south-southwest  of  the  village  of 
Red  Cross,  Jackson  Township,  Northumberland  County.  At  a point  about 
2400'  south  of  40°42'30"N  and  100'  east  of  76°47,30"W,  on  the  Pillow  iy2- 
minute  quadrangle,  the  lowest  red  shales  of  the  Catskill  Formation  are  ex- 
posed. 

Two  long  covered  intervals  limit  the  usefulness  of  the  Red  Cross  section. 
In  addition  the  base  cannot  be  precisely  located  because  of  poor  exposures 
and  structure.  The  base  of  the  measured  section  lies  at  a point  along  the  old 
roadway  4650'  south  of  40°42'30"N  and  1000'  east  of  76°47'30"W.  In  the 
next  exposure,  600  feet  south,  the  Trimmers  Rock  is  involved  in  an  anticline. 

The  Red  Cross  section  was  measured  to  provide  an  intermediate  section 
between  those  at  Liverpool  and  Shamokin  Dam. 
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Stratigraphi  c 

Description  RED  CROSS  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissility 

Fossi  Is 

| Trace  Fossils | 

| Cross  Bed. 

1 Lood  Struc  I 

| Movement 

Miscellaneous 

I 

H 

in 

Sh 

I 

n 

in 

i-h. 

red 

cs-  f 

20 

80 

2 

i 
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road-cut  ce- 

nent  culvert 

1 

10 

10 

G 

cs-f 

10 

90 

2 

i 

122 

132 

80%  covered 

10 

142 

G 

cs-f 

70 

30 

2 

i 

N80E46N  -i- 

18% 

1601 
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5 

2 

1621 

G 

CS 

100 

i 

9% 
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G 

cs-f 

60 

40 

4 

i 

X 

X 
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ik 
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G 
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30 

70 

2 

i 
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ik 
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G 
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30 
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i 

5 
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JG 

cs-f 

90 

10 

7 

i 

10 

6 
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G 

cs 

90 

10 

ii 

i 

Ik 
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DI 

cs-f 
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17 

X 
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C 

11 

10 

70 

20 

4 

2 

i 

3 

5k 
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CG 

11 

20 

20 

60 

2 

2 
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1 
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6 

s 

15 

3 
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cs-f 

50 

50 

7 

i 
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i* 

i 

4 

isol . foss . 



354% 

G 

11 

15 

85 

lk 

i 

4 

358% 

G 

1 1 

65 

35 

4 

i 

29 

228% 

587 

covered 

S.  across 
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Stratigraphi  c 

Description  RED  CROSS  SECTION 


■ 

Unit  No. 

Thickness 

To  t o 1 

Thickness 

Color 

Grain  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

>• 

<n 

ll 

Fossils 

Trace  Fossils 

Cross  Bed.  ! 

Load.  Struc 

c 

<v 

6 

a> 

> 

o 

§ 

Miscellaneou 

I 

n 

nr 

Sh 

I 

n 

in 

41 

4 

652% 

GF 

cs-  f 

85 

15 

6 

1 

X 

2h 

655 

GF 

cs 

30 

70 

3 

1 

10% 

665% 

GF 

cs-f 

75 

10 

15 

5 

1%: 

1 

s 

45 

s% 

674 

GF 

11 

25 

75 

3 

1 

680% 

GF 

11 

5 

75 

20 

. 2 

2 

1 

2 

181; 

699 

C 

If 

80 

20 

5 

2 

X 

ang. blocks 

11 

710 

GF 

II 

50 

10 

40 

3 

2 

1 

N85E45N  -1- 

15 

725 

C 

II 

80 

20 

5 

2 

X 

ang. blocks 

50 

+37 

1162 

covered 

across 

stream 

51 

34 

1196 

GF 

cs-f 

40 

35 

25 

6 

Q 

JL 

1 

culvert. 

small  bank 

52 

27% 

1223% 

GF 

cs-f 

15 

10 

75 

2 

1 

1 

207.  cove  re 

12 

1235% 

CGF 

If 

15 

75 

10 

4 

5 

1 

4 

1239% 

GF 

If 

95 

5 

12 

1 

laminated 

55 

3 

1242% 

GF 

If 

20 

40 

40 

4 

5 

1 

41? 

1247 

GF 

II 

70 

30 

6 

1 

X 

231? 

12701 

CGF 

II 

25 

55 

20 

5 

3 

1 

2 

4 

5% 

1276 

GF 

II 

100 

30? 

8% 

1284% 

GF 

II 

85 

1 5 

10  ■ 

1 

3 

X 

laminated 

60 

101; 

1295 

C 

cs 

90 

10 

3 

2 

3 

10 

1305 

GF 

cs-f 

95 

5 

9 

1 

4 

3"se  ts 

10 

1315 

C 

cs 

90 

10 

3 

1 

3 

63 

5 

1320 

GF 

cs-f 

80 

20 

5 

1 

small  tect 

folds 

64 

16 

1336 

GFC 

cs-f 

90 

10 

8 

1 

clav-rich 

65 

8 

1344 

GF 

II 

60 

20 

20 

6 

4 

1 

3 

9 

1353 

C 

cs 

90 

10 

3 

1 

__ 3k 

1356% 

c 

cs 

90 

10 

3 

1 

'4 

X 

7k 

1364 

c, 

cs 

90 

10 

3 

1 

7k 

1371% 

GFC 

cs-f 

60 

30 

10 

14 

4 

1 

2 

4 

70 
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1377 

GFC, 

11 

10 

75 

1 5 

7 

5 

1 

2. 

4 

laminated 

19 

1396 

GFC 

II 

95 

5 

10 

1 

3 

laminated 

17k 

1413% 

C 

II 

25 

60 

1 5 

8 

5 

1 

4 

2 

15 

1428% 

G 

cs 

85 

1 5 

3 

1 

_UL_ 

14.39% 

0 

cs-f 

10 

85 

5 
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3 

1 

3 

2 
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I5_ 

20% 

1460 

G 

II 

1 5 

75 

_LQ 
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2 

1 

2 

4 

25 

18 

1478 

CGF 

II 

10 

80 

10 

6 

3 

I 

2 

old  roadou 

above  &to£ 

U_ 

15  _ 

1493 

CGF 

cs-  f 

60 

35 

5 

8 

3 

1 

1% 

1494% 

11 

60 

40 

8 

1 

X 

5 

_1499j 

G 

If 

1 5 

80 

5 

5 

3 

1 

80— 

S_ 

31508% 

GTH 

If 

65 

20 

15 

7 

5 

1 

4 

1 512% 

covered 

52_ 

JL2_ 

1524% 

G 

Lcs-f 

_30 

20 

9 

2 

1 

end  cut 
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Section  13,  Shamokin  Dam 

Section  13  was  studied  in  railroad  cuts  along  the  west  side  of  the  Susque- 
hanna River  near  Shamokin  Dam,  Monroe  Township,  Snyder  County.  The 
upper  portion  of  the  section  is  involved  in  a series  of  folds  at  this  locality,  and 
a long  covered  interval  occurs  between  the  lowest  red  beds  observed  and  the 
top  of  the  measured  section.  Compilation  of  running  footage  was  made  from 
the  top  of  the  highest-exposed  north-dipping  unit,  which  is  also  continuous 
to  the  main  body  of  the  section.  1 he  top  of  the  measured  section  lies  on  the 
north  bank  of  a small  stream  at  a point  about  11,600'  north  of  40°50'00"N 
and  7700  east  of  76  50'00"W  on  the  Sunbury  15-minute  quadrangle. 

From  this  point  south,  the  section  was  measured  in  a north-dipping  homo- 
cline.  At  the  southernmost  railroad  bridge  over  Route  1 1 the  section  on  the 
railroad  ends,  and  measurements  were  continued  in  cuts  along  Route  11. 
The  last  exposure  in  the  measured  section  occurs  behind  a restaurant  adjacent 
to  the  traffic  circle,  at  a point  about  8200'  north  of  40°50'00"N  and  6100' 
east  of  76°50'00"W. 
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Stratigraphic 

Description 


SHAMOKIN  DAM  SECTION 


■ 

Unit  No. 

Thickness 

Tot  ol 

Thickness 

O 

O 

o 

Groin  Size 

% Lithology 

Average 

Bedding 

Thickness 

Fissility 

Fossils 

Troce  Fossils 

I Cross  Bed. 

1 Load.  Struc.  1 

Movement  ! 

Miscelloneou 

I 

n 

nr 

Sh 

I 

n 

m 

4 

red 

cs-  f 

15 

85 

2 

JL 

s 

_4 

Rase  of  Cj 

ski  1 1 

I 

17% 

17% 

C 

f 

5 

tr 

_21 

_1 

Jl 

_s. 

grded.  hrlc 

paper  shal 

2 

5% 

23 

C 

cs-f 

20 

tr 

80 

JL 

color  lam. 

3 

18 

41 

C 

11 

5 

tr 

— L_ 

I 

paper  shal 

color  lam. 

4 

3 

44 

C 

cs-f 

20 

15 

65 

3 

i 

23 

5 

3 

47 

CF 

cs 

25 

tr 

75 

jl 

. 1 

color  lam 

3% 

50% 

FG 

100 

23 

4 

54% 

C 

100 

1 

6 

60% 

c 

cs 

40 

60 

?% 

2 

5 

65% 

FG 

cs-f 

30 

50 

20 

— 3_ 

2 

23 

Jt. 

N60R6TO  -j- 

10 

12% 

78 

FG 

11 

10 

90 

1% 

2 

4 

3 

silty  aha  1 

1 

79 

DI 

11 

100 

_12_ 

49 

128 

DGK 

11 

5 

_25. 

—Li 

JL 

.a, 

R . R . s 1 gn 

1% 

129% 

F 

11 

80 

20 

4 

1 

4% 

134 

DG 

11 

15 

85 

3 

1 

15 

9 

143 

CF 

11 

10 

90 

2 

1 

14 

157 

DG 

11 

5 

5 

90 

1% 

% 

1 

1 

158 

DT 

11 

1 00 

1 ? 

s 

2% 

160% 

K 

100 

1 

2% 

163 

DG 

cs-f 

100 

_3£L 

argl 1 1 . 

20 

2 

165 

DG,T 

11 

80 

?0 

6 

3 

4 

169 

DI 

11 

_2S. 

5 

_14_ 

PT 

J 

1 ami na  ted 

2% 

171% 

DT 

11 

75 

25 

7 

1 

38 

209% 

CF 

11 

5 

1 5 

80 

1% 

1% 

? 

arcrl  1 1 . 

24 

4% 

214 

FG 

cs 

40 

60 

?% 

1 
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Section  14,  Catawissa 

Section  14  in  the  Trimmers  Rock  was  studied  in  cuts  along  the  Pennsyl- 
vania Railroad  north  of  the  Borough  of  Catawissa  and  on  the  south  side  of 
the  Susquehanna  River  across  from  the  town  of  Bloomsburg.  These  excel- 
lent exposures  occur  in  Catawissa  Township,  Columbia  County  on  the  Cata- 
wissa 71  2-minute  quadrangle. 

Strata  in  the  Catawissa  section  dip  moderately  south,  and  the  railroad 
traverses  them  at  an  acute  angle,  so  that  the  measured  section  is  about  2 miles 
long.  Moreover,  the  section  is  quite  thick,  totaling  2605  J 2 feet  between  the 
lowest  observed  Catskill  red  bed  and  light-grayish-white  Tully  Limestone  at 
the  base. 

The  lowest  red  shales  occur  immediately  south  of  the  cross-over  of  the 
Reading  and  Pennsylvania  railroad  tracks,  in  a small  bank  behind  the  block 
operators  shack,  4300'  north  of  40°57'30,,N  and  1850'  west  of  76°27,30"W. 
The  section  is  covered  for  a stratigraphic  interval  of  253  feet  below  this,  so 
that  the  red  shales  observed  might  not  actually  be  the  lowest  present.  Al- 
though it  is  occasionally  necessary  to  climb  the  hillside  the  remainder  of  the 
section  is  essentially  unbroken  by  covered  intervals. 

Ten  feet  of  fossiliferous  Tully  Limestones  are  exposed  at  a point  4200' south 
of  41°00'00'/N  and  4000'  east  of  76°27'30"W,  marking  the  base  of  the  section. 
A long  covered  interval  follows. 

Because  of  the  lack  of  topographic  and  cultural  details  to  tie  to  for  reference 
in  measurement,  an  arbitrary  numbering  system  for  power  poles  along  the 
tracks  was  utilized.  Stratigraphic  units  measured  in  the  field  were  then  re- 
ferred to  the  poles.  Under  this  plan  the  first  pole  encountered  after  traver- 
sing the  253'  of  covered  interval  at  the  top  of  the  section  is  designated  P.P.#1, 
the  last  one  just  above  the  limestone  therefore  being  P.P.#61. 
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15 


Ak 


3231  C 


100 


isol.  foss 


3271  C 


10C 


isol.  foss 


J 


28 


3551  G 


cs-f 


15 


30 


55 


Ah 


Ah. 


Pwr.pole  2 


Ak 


351 


J2X. 


_65 


35 


silicious 


Ik 


3661  DIC 


45 


55 


20_ 


13 


3791  GC 


30 


35 


35 


Ah. 


3821  C 


silty 


10C 


sheared 


3871  C 


10C 


isol.  foss 


3951  C 


cs-f 


tr 


10C 


22k 


Aik 


JA 


10 


75 


silty  shal 


25 


A2A. 


35 


J3 


silty  shal 


.431 


JSL 


AO 


6C 


JLi 


Ah. 


Pwr.pole  3 


_434. 


20 


40 


4C  21 


11 


vague  bdg. 


24 


458 


.DL 


35 


10 


55 


Id 


468 


-Gfi. 


10 


9C 


on  hillsid 


Id 


21k 


49 5lf  CD 


10 


10 


8C 


3/4 


in  cut 


3i 


5.01 


..GD_ 


40 


6C 


Ak 


■ 51Q3U1 


11 


-1M 


,523 


35 


tr 


Pwr.pole  4 


.523 


30. 


JA 


A A 


31 


335 


_DI_ 


40 


6C 


Ah 


.542 


_25 


tr 


JL1 


argill . 
laminated 


Hk 


553ii_DGJ 


35 


_1£ 


_55ZiUDi 


30 


564. 


-DGJ 


30 


Tr. 


Ji. 


40 


569 


DG1 


30 
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Stratigraphic 
Descri  ption 


CATAWISSA  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissility  j 

Fossils 

I Troce  Fossils! 

| Cross  Bed.  | 

I Load.  Struc.  1 

I Movement  j 

Miscellaneous 

I 

n 

m 

Sh 

I 

I 

m 

6 

5763; 

DT 

cs-f 

IP 

5 

% 

JL 

-£_| 

20%  covered 

2 

3% 

580 

D 

II 

25 

75 

2 

2 

1 

X 

Pwr.pole  5 

r3 

32 

612 

DI 

II 

15 

85 

2% 

S 

3 

X 

vague  bde. 

4 

616 

C 

It 

5 

95 

1% 

2 

3 

I1) 

1 OA; 

626% 

G 

If 

10 

25 

tr 

65 

, 3 

1% 

1 

s 

X 

30 

656% 

CD 

It 

10 

65 

25 

2% 

1% 

1 

s 

3% 

660 

CD 

If 

15 

25 

60 

2% 

1 

1 

s 

Pwr.pole  6 

14% 

674% 

CP 

ft 

10 

20 

70 

5 

1% 

2 

s 

10 

684% 

DG 

ft 

10 

20 

70 

4 

1% 

2, 

s 

iO 

8% 

693 

DI 

ft 

95 

5 

5 

>T( 

;4 

s 

vague  bdg. 

8 

701 

D 

It 

15 

70 

15 

3 

2 

2 

3 

s 

vague  bdg. 

1 1 if 

712% 

PC 

vf-m 

5 

35 

60 

2% 

2 

3 

4 

s 

grded.  bde. 

6 

718% 

D 

cs-f 

80 

20 

4 

1 

s 

Pwr.pole  7 

2k 

721 

D 

cs 

30 

70 

1% 

2 

>5 

11 

732 

P 

cs-f 

1 5 

60 

25 

3 

3 

3 

4 

vague  bdg. 

14 

746 

P 

It 

25 

50 

25 

3 

1 

2 

3 

s 

vague  bdg. 

14% 

760% 

P 

If 

60 

15 

25 

1% 

2 

3 

4 

vague  bdg. 

>8 

6^ 

767 

D 

It 

30 

10 

60 

1 

1% 

3 

s 

3 

X 

Pwr.  pole  8 

lite  eantrv 

i2_ 

16 

783 

P 

cs-f 

5 

60 

35 

3% 

2 

3 

s 

arglll . 

iQ_ 

6 

788 

P 

If 

100 

30 

1 

13 

801 

P 

It 

35 

30 

35 

4% 

2 

3 

vague  bdg. 

14 

815 

P 

It 

60 

10 

30 

6 

2 

2 

2 

s 

areill . 

4 

819 

n 

It 

45 

55 

4 

? 

10% 

829% 

P 

It 

70 

30 

5 

1 

4 

s 

Pwr.pole  9 

ii_ 

11 

8401 

n 

If 

35 

10 

55 

2% 

3/4 

3 

4 

s 

3 

X 

6 

846% 

p 

It 

80 

70 

8 

2 

1 

s 

X 

11% 

858 

n 

If 

75 

? 5 

5 

_1 

3 

■S 

clav-rich 

13 

873 

n 

It 

65 

35 

6% 

3 

s 

vague  bde. 

ai% 

884% 

hJ) 

It 

90 

10 

3 

3 

vague  bdg. 

10- 

9k 

8Q4 

n 

tt 

60 

?o 

?o 

5 

? 

3 

s 

4 

x 

Pwr.pole  10 

4% 

898% 

n 

It 

?0 

75 

,5 

? 

1 % 

3 

4 

s 

5 

903% 

p 

C.S 

10 

90 

1 

1 

1 2\ 

91  6 

n 

cs-  f 

5 

45 

50 

3 

? 

2 

2 

918 

n 

It 

80 

?0 

4 

3 

3 

argil  1 . 

IS- 

7 

995 

r. 

100 

3 

s 

5— i 

-930- 

no 

cs-f 

10 

90 

1% 

2j 

clav-rich 

10 

9A0 

p 

ft 

fin 

40 

4% 

2 

2 

s 

- 9 

—949- 

_D_ 

100 

2 

6JL 

953% 

PC 

c s-  f 

30 

70 

4 

2 

s 

SO— 

4 

9.593, 

_D 

it 

10 

tr 

9Q 

2] 

4 



9621 

it 

fin 

40 

_4 

2 

? 

..  3 

. 965% 

-D 

it 

-20 

80 

3% 

2 

7— 

■972% 

D 

it 

75 

25 

2- 

3 

-27.. 

—9991 

. D _ 

it 

15, 

-85 

3 

3 

/i 

15_ 

-1H_ 

1009% 

p 

it 

60 

4C 

3 

3 

X 

argill. 
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Stratigraphi  c 
Descri  ption 


CATAWISSA  SECTION 


■ 

Unit  No. 

Thickness 

Total 

Thickness 

Color 

Groin  Size 

% 

Lithology 

Average 

Bedding 

Thickness 

1 Fissility 

Fossils 

</> 

ID 

tn 

O 

Ll. 

a> 

0 

0 

H 

| Cross  Bed.  | 

I Load  Struc  I 

I Movement 

Miscellaneous 

I 

n 

m 

Sh 

I 

11 

m 

3 

1012J 

; D 

cs-f 

60 

40 

5 

2 

X 

87 

4 

1016^ 

; DI 

If 

35 

65 

2 

2 

88 

44 

1021 

DI 

II 

10 

90 

3 

2 

2 

X 

siltv  shall 

54 

1026J 

; DI 

It 

15 

85 

4 

2 

90 

5 

103 1-1 

DI 

II 

75 

25 

. 5 

1 

2 

Pwr.uole  l: 

8 

1039J 

; DC 

It 

tr 

100 

3 

3 

X 

siltv  shall 

164 

1056 

D 

II 

40 

60 

54 

1 

4 

9 

X 

vague  bdg. 

44 

1060- 

D 

100 

3 

14 

1074J 

CD 

cs-f 

25 

25 

50 

5 

1 

1 

9 

4 

Pwr.pole  lii 

95 

10 

1084J 

CD 

It 

20 

80 

U 

2 

clav-rich 

31? 

,1088 

C 

100 

1 

clav-rich 

24 

1090J 

D 

cs-f 

50 

50 

64 

2 

X 

31? 

10941 

CD 

II 

15 

85 

6 

3 

9 

11 

1105 

C 

II 

10 

90 

24 

1 

20%  cover e< 

100 

2 

1107 

C 

II 

30 

70 

5 

2 

X 

? 

4 

1111 

CD 

II 

25 

75 

24 

1 

9 

24 

1135 

CD 

II 

30 

tr 

70 

44 

1 

S 

4 

Pwr.pole  11 

6 

1141 

C 

II 

.tr 

100 

3 

20%,  coveret 

19 

1160 

D 

It 

35 

65 

9 

1 

1 

105 

m 

11711 

D 

II 

40 

60 

7 

3 

X 

Pwr.pole  If 

6 

11771 

D 

II 

5 

80 

JU 

3 

1 

3 

4 

m 

1190 

I) 

II 

30 

7(1 

4 

? 

X 

X 

eroded  hast 

4|. 

11941 

D 

II 

90 

tr 

10 

1 

2 

s 

.3 

i 

11951 

n 

II 

100 

9 

3 

110 

4 

11991 

i D 

II 

75 

tr 

25 

1 

2 

111 

41? 

1204 

II 

80 

20 

18 

2 

X 

X 

eroded  bast 

Pwr.pole  11 

112 

3 

1207 

DC 

cs-  f 

75 

2 5 

1? 

1 

4 

1211 

CD 

II 

30 

10 

.60 

5 

2 

i 

clav-rich 

..34 

12141 

c 

cs 

85 

1 5 

14 

3 

115 

-6-4 

12201 

on 

r.  s - f 

1 0 

90 

6 

1 

X 

x 

p.rndp.d  hast 

4 

12241 

(1 

cs 

70 

30 

1 

3 

? 

12261 

on 

cs-  f 

30 

70 

12 

3 

X 

X 

eroded  bast 

1 34 

1240 

CD 

II 

35 

1 5 

50 

8 

2 

3 

4 

X 

3 

1243 

X 

II 

5 

95 

3/4 

JPwr-^cle.18 

120 

4 

1247 

<in 

II 

40 

60 

9 

3 

X 

on  h I 1 I s i df 

-12 

f-1239._ 

CD 

II 

30 

70 

6 

2 

s 

X 

in  cut 

7 _ 

1266 

(i 

1O0 

3 

... 

. 14 

llhlk 

on 

cs-f 

75 

25 

7 

4 

Pwr.nnle  1? 

6l 

1 2731 

(i 

II 

10 

90 

9 

3 

X 

? 

JL25 

2 

127  54 

(i 

II 

75 

10 

15 

6 

1 

1 

vaoup  hdp. 

S 

-12344 

(i 

II 

10 

90 

4 

3 

4 

X 

.1% 

n286 

-X- 

II 

40 

60 

4 

2 

Xj 

7 

44 

17QQ1 

c 

II 

X 

5 

90 

14 

3/4 

3 

a-rjH  1 1 . 

2- 

-12921 

- Cl 

II 

?n 

10 

7 

1 

130 

54 

1298 

Cl 

II 

10 

90 

3 

siltv  shale 

- 


- 
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Stratigraphic 

Description 


CATAWISSA  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

1 Fissility 

Fossils 

| Trace  Fossil 

1 Cross  Bed. 

| Load.  Struc. 

| Movement 

Miscellaneous 

I 

n 

m 

Sh 

I 

H 

in 

3* 

130H 

D 

If 

30 

7C 

5 

2 

a 

132 

3k 

1305 

D 

11 

70 

tr 

3C 

9 

] 

4 

Pwr. pole  2( 

133 

30 

1335 

D 

1Q£ 

1 

on  hlllsldt 

clay-rich 

134 

62 

1397 

D 

cs-f 

10 

9C 

i 2 

1 

in  cut, 

Pwr. pole  20 

135 

15* 

14123 

CD 

cs-f 

60 

4C 

8 

2 

4 

£ 

2 

vague  bdgt. 

8 

14203 

CD 

11 

25 

71 

2i 

-4 

|_6 

clav-rich 

1* 

1422 

CD 

11 

50 

50 

L 

-2 

X 

15 

1437 

C 

11 

30 

— zc 

3 

_2 

-2 

^4?wr.pple  2.1 

11* 

1448 

D 

11 

60 

40 

_L2^ 

-4 

1 

140 

3 

14513 

D 

11 

5 

10 

8C 

13 

Ml 

• 

silty  shalt 

kk 

1456 

D 

II 

50 

50 

4 

J 

4 

vague  bdg. 

8* 

14643 

D 

If 

25 

75 

5 

_E 

1—2 

6k 

1471 

D 

11 

1 5 

8‘ 

3 

7 

? 

Pwr . pole  22 

22 

1493 

D 

11 

15 

10 

JU 

14 

Mk 

2- 

on  hlllsidt 

145 

1 

1494 

D 

II 

100 

12 

tn  cut . 

8 

1502 

P 

f-m 

1 c 

8C 

3/4 

7 

grded . hdg- 

1 

1503 

P 

cs-f 

100 

1? 

148 

19 

1522 

D 

f-m 

10 

20 

Z£ 

? 

3/4 

7 

graded  hdg. 

Pwr  . pnl  e.  2.3 

149 

10 

1532 

n 

r.s-f 

10 

90 

?k 

2 

150 

26 

1558 

p 

II 

30 

7(1 

4* 

7 

vapue  hdp. 

8 

1566 

19* 

15853 

p 

cs-f 

65 

3C 

6 

2 

4 

Pwr . pol  e_  24 

10 

15953 

on 

II 

20 

tl 

80 

?k 

' 

22  mil epnst 

4* 

1600 

D 

11 

30 

70 

4 

2 

155 

4 

1604 

D 

11 

in 

90 

8 

2 

4 

1608 

L-D 

II 

10 

tr 

9Q 

- 4-* 

3 

_4 

s 

cl ay-rl ch 

3 

1611 

_D 

II 

50 

50i 

2* 

1 

C 

15 

1626 

—D 

II 

20 

_ -13 

. 03 

2 

3/4 

3 

Pur  - pnl p ?S 

3* 

1 629^ 

P 

II 

90 

10 

10 

1 

4 

fill  t-y  qVia  1 c 

Ififl 

3* 

1633 

_D_ 

ion 

3 

r 1 fly-  r 1 rh 

7 

1640 

_D 

cs-f 

35 

65 

5 

2 

2 

13 

1653 

C 

11 

70 

tr 

30 

2 

2 

3 

1656 

n 

II 

95 

5 

i n 

1 

4 

3*, 

16593 

D 

II 

JQ 

20 

10 

2* 

2 

165 

5_ 

1 6643 

n 

II 

1 5 

65 

8/A 

_3 

— 2-^ 

46664 

IL 

11 

93 

5 

6 

-1 

2k 

1669 

n 

11 

30 

1 0 

60 

2 

3 

4 

__4  . 

1673 

_D 

II 

60 

40 

4* 

3 

_2H 

4.694- 

. D 

If 

13 

25 

5 

60 

1 

8/4 

3 

120. 

-12. 

4406- 

_D 

II 

- 3 

95 

2 

2— 

1708 

_£ 

II 

90 

10 

7 

]_ 

-14 

1722 

— G-— 

II 

tr 

100 

3 

1 o - 

-11... 

1785 

_0 

II 

-60 

. .40 

4 

_4 

-S 
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Stratigraphic 

Description 


CATAWISSA  SECTION 


Unit  No. 

Thickness 

Total 

Thickness 

Color 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

| Fissility  | 

Fossils 

in 

c n 
in 
O 
Li- 
eu 
O 

o 

1- 

1- 

| Cross  Bed.  | 

| Lood.  Struc.  | 

| Movement 

Miscellaneous 

I 

n 

m 

Sh 

I 

n 

m 

13  % 

1746* 

D 

cs-f 

20 

20 

tr 

60 

4 

i 

2 

S 

X 

vague  bdg. 

175 

4% 

1751 

D 

If 

30 

5 

65 

3/4 

2 

4 

176 

3 

1754 

D 

11 

60 

10 

30 

6 

u 

1 

6 

1760 

D 

ii 

35 

15 

50 

3 

i* 

1 

5 

1765 

DC 

11 

15 

30 

55 

i 4 

2\ 

1 

4 

9 

1774 

D 

11 

85 

15 

8 

1 

2 

S 

Pwr.pole  21 

180 

11 

1785 

D 

11 

10 

20 

5 

65 

3 

1 

3/4 

i 

6% 

1791% 

: D 

11 

95 

5 

5 

i 

8% 

1800 

C 

cs 

25 

75 

1* 

3 

clav-rich 

6 

1806 

D 

cs-f 

35 

65 

6 

3 

X 

18^ 

10 

1816 

D 

II 

25 

5 

70 

2% 

3/4 

3 

vague  bdg. 

Pwr.pole  2! 

185 

13% 

1829* 

; CD 

cs-f 

40 

60 

2% 

2 

vague  bdg. 

14 

1843* 

i D 

II 

30 

70 

8 

1 

4 

S 

X 

vague  bdg. 

6 

1849* 

i D 

II 

40 

60 

5% 

1 

vague  bdg. 

12% 

1862 

D 

II 

95 

5 

11 

1 

S 

vague  bdg. 

189 

15 

1877 

D 

II 

35 

65 

6 

1 

X 

vague  bdg. 

Pwr.pole  30 

190 

7 

1884 

CD 

cs-  f 

30 

70 

5 

3 

s 

X 

vague  bdg. 

4% 

1888* 

: C 

II 

5 

10 

85 

2% 

1* 

3 

33 

1921* 

D 

It 

65 

20 

15 

12 

2 

3 

s 

X 

Pwr.pole  31 

13 

1934* 

D 

II 

10 

20 

70 

4 

3/4 

2 

2 

1936% 

DC 

It 

80 

20 

10 

1 

195 

9 

1945* 

CD 

II 

15 

10 

75 

3 

3/4 

1 

vague  bde. 

5 

1950% 

c 

II 

35 

65 

2% 

1 

6% 

1957 

C 

II 

60 

10 

30 

5 

1 

1 

2 

s 

Pwr.pole  31 

6% 

1963* 

C 

If 

80 

20 

6 

1 

vague  bdg. 

4% 

1968 

D 

II 

35 

65| 

2% 

2 

vague  bdg. 

200 

3% 

1971* 

D 

II 

85 

15 

9 

1 

vague  bdg. 

6 

1977% 

D 

II 

40 

60 

5 

2 

X 

vague  bdg. 

11 

1988* 

CD 

II 

20 

10 

70 

2 

3/4| 

3 

Pwr.pole  33 

20 

2008* 

CD 

If 

25 

75 

1% 

3 

13 

2021% 

CD 

II 

40 

20 

40 

2* 

3/4 

Pwr.pole  34 

205 

12 

2033* 

CD 

II 

35 

15 

5 

45 

3 

1* 

3/4 

2h 

laminated 

21 

2054* 

CD 

If 

25 

10 

65 

7 

1* 

2 

Pwr.pole  32 

11% 

2066 

CD 

11 

75 

25 

9 

? 

s 

vague  bdg. 

10% 

2076* 

CD 

II 

5 

15 

5 

75 

1 % 

1* 

3/4 

lj 

7% 

2084 

CD 

II 

50 

15 

35 

3% 

1* 

s 

X 

Pwr.pole  3t 

210 

23% 

2107* 

C 

II 

tr 

100 

?. 

clav-rich 

15 

2122* 

DC 

II 

10 

90 

3/4 

3 

X 

Pwr.pole  3 / 

1 

2123* 

DC 

II 

95 

5 

6 

3 

4 

4 

2127* 

c 

II 

5 

95 

1* 

PI 

clav-rich 

214 

13 

2140* 

DC 

11 

50 

50 

5* 

3 

s 

Pwr.pole  38 

cl ay-ri ch 

215 

6 

2146* 

c 

cs-  f 

10 

20 

3/4 

3 

1 

2147* 

D 

II 

100 

4 

APPENDIX  A 


189 


Stratigraphic 

Description  CATAWISSA  SECTION 


Thickness 

Total 

Thickness 

O 

o 

o 

Grain  Size 

% Lithology 

Average 

Bedding 

Thickness 

1 Fissility 

Fossils 

1 Trace  Fossils! 

| Cross  Bed.  ! 

| Load.  Struc  | 

I Movement 

Miscellaneous 

E 

D 

I 

n 

nr 

Sh 

I 

n 

TR 

6 

21532 

; on 

cs-f 

1 5 

31 

3/4 

1 

Proi  1 1 . 

218 

1% 

2155 

D 

tt 

100 

6 

s 

X 

219 

10 

2165 

DC 

II 

85 

15 

18 

3 

s 

X 

vaeue  bdg. 

Pwr. pole  39 

220 

10 

2175 

DC 

cs-f 

30 

40 

3C 

, 9 

23 

3 

£ 

Pwr . pole  40 

Pvr.pole  41 

221 

11 

2186 

CD 

cs-f 

15 

85\ 

3 

3 

Pwr. pole  42 

222 

20 

2206 

CD 

It 

40 

60 

12 

3 

Pwr. pole  43| 

Pwr. pole  4/ 

223 

7 

2213 

C 

iod 

3 

clav-rich 

2 

2215 

D 

cs-f 

100 

24 

225 

25 

2240 

CD 

II 

50 

50 

20 

3 

Pwr .pole  44 

Pwr . pole  45 

226 

14 

2254 

CD 

100 

2 

siltv  shale 

13 

2267 

CD 

cs-f 

30 

70 

18 

2 

Pwr . pole  4 6 

5 

2272 

DC 

tl 

90 

10 

14 

1 

vaeue  bde. 

229 

22 

2294 

C 

100 

2 

clav-rich 

Pwr .pole  4 7 

230 

3 

2297 

CD 

cs-f 

20 

80 

2 

1 J, 

clav-rich 

7 

2304 

C 

100 

3 

clav-rich 

232 

8 

2312 

C 

cs-f 

40 

60 

31 

2 

Ji 

— 

Pwr. pole  48 

cl av-rich 

233 

4% 

23161 

CD 

cs-f 

10 

90 

3 

1 

4 

clav-rich 

3% 

2320 

D 

II 

90 

10 

7? 

I 

fi 

235 

32% 

23523 

CB 

tt 

5 

95 

2 

1 

Pwr. pole  49 

236 

2 

23541 

D 

cs-  f 

100 

22? 

18 

23721 

CBD 

tt 

5 

1 5 

80 

3 

1 i 

1 

238 

6% 

2379 

CBD 

" 

10 

90 

11 

? 

clav-rich 

239 

6_% 

23851 

CBD 

" 

5 

95 

11 

1 

Pw  r . p o 1 e SI 

240 

_1Q_ 

2395^ 

CRD 

" 

1 5 

85 

? 

3 

241 

15 

24101 

B 

100 

1 

cl av-rl ch 

242 

15 

24251 

covered 

25 

24501 

B 

100 

1 

Pwr. pole  55 

45 

24951 

B 

100 

1 

Pw  r . p o 1 e 58 

245 

20 

25151 

B 

100 

1 

246 

05- 

2530^ 

BA 

100 

1 

Milepost  23 

— 

20 

25501 

_D1 

100 

L 

Pwr . pol  e 58 

25 

25751 

C 

100 

1] 

Pwr . pol  e 5 9 

— 

25901 

100 

1 

m 

5 

259  51 

DT 

100 

1 

1 Imey, 

241 

l!6Q5% 

1QQ 

3 

Tuiiv  m 

Pwr. pole  61 
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APPENDIX  B 

The  following  tables  contain  measurements  made  on  sedimentary  struc- 
tures; these  observations  include  both  dimensional  and  orientation  data. 
They  are  tabulated  by  station  and  measurement  unit. 

Dimensional  data  are  given  under  the  headings  “Length,”  “Width,”  and 
“Thickness”  for  a variety  of  structures,  and  under  “Wave  length”  and  “Am- 
plitude” for  ripple  marks.  Thickness  has  different  meanings  for  different 
structures.  For  most  structures  thickness  represents  total  relief  normal  to 
bedding,  but  for  wedge  outs  the  thickness  value  given  is  the  maximum  ob- 
served thickness  of  the  lenticular  bed. 

Orientation  data  are  given  under  the  headings  “Orientation”  and  “Cur- 
rent direction.”  The  majority  of  structures  do  not  yield  current  direction  in- 
formation because  they  are  symmetrical.  Thus,  symmetrical  ripple  marks 
are  oriented  normal  to  current  and  groove-casts  are  oriented  parallel  to 
current,  but  further  interpretation  is  not  possible. 

The  structure  described  is  designated  by  an  “X”  in  the  appropriate  column. 
Discontinuous  ripple  marks  are  distinguished  from  continuous  ones  by  a 
“D”  in  the  “Ripple  mark”  column. 

In  the  “Rating”  column  structures  are  designated  excellent  to  poor  by  the 
numbers  1 through  4. 
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PORT  JERVIS  SECTION 


Structures 


Unit  No. 

Ripple  Mork  | 

Flute  Cost  1 

Groove  Cast 

Furrow  Cast 

Prod  cast 

Cross  Strot.  | 

CS  Sand  Body 

Wedge-out  | 

1 Bolster 

1 Bolster,  moved  | 

o 

D 

U~) 

a> 

6 

o 

u. 

Deformed  Bdg| 

[ Cord  Struc.  | 

Plant  Frag 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientation 

Current 

Di  rect  i on 

Roting 

Remarks 

2 

X 

4 

k 

150 

24C 

4 

asymmetr ic 

3 

X 

30 

18 

100 

1 

slide  block 

8 

X 

1/161 

1/16 

170 

2 

on  same  bee 

8 

X 

1 

1/8 

1/16 

175 

3 

on  same  bee 

15 

X 

1% 

A_ 

120 

2 

17 

X 

3 

1/8 

1/16 

010 

1 

18 

X 

_4^ 

Ji  . 

060 

2 

on  same  bee 

18 

x 

2 

1/8 

1/16 

125 

1 

on  same  bee 

18 

X 

Ik 

1/8 

1/16 

125 

2 

19 

X 

5 

324 

075 

4 

27 

X 

1 

% 

100 

2 

axial  plane 

28 

X 

10C 

48 

45 

160 

1 

loaded 

34 

xj 

2C 

6 

2 

045 

1 

on  same  bee 

34 

X 

4 

2 

045 

1 

on  same  bee 

40 

X 

5 

3/4 

040 

4 

41 

X 

5 

% 

070 

3 

42 

X 

1/8 

1/16 

025 

3 

44 

X 

2 

075 

4 

47 

X 

6 

3 

070 

1 

49 

X 

2 

128. 

1/8 

050 

1 

average  si.2 

50 

X 

18 

5 

5 

050 

2 

50 

X 

6 

2 

060 

2 

51 

x 

36 

24 

24 

095 

2 

63 

X 

3 

* 

165 

3 

63 

X 

23? 

* 

025 

295 

1 

asymmetric 

63 

X 

2 

* 

120 

3 

66 

Xj 

4 

k 

025 

3 

66 

X 

2 

175 

2 

67 

X 

3 

3/4 

020 

2 

68 

X 

4 

k 

020 

3 

_JS 

60 

36 

24 

105 

2 

70 

X 

4 

k 

120 

3 

70 

3 

3/4 

120 

21C 

2 

asymmetric 

70 

X 

3 

2 

125 

3 

on  same  bee 

70 

X 

3 

\ 

175 

3 

JZ3_ 

X 

3 

k 

045 

2 

23. 

1 

n 

130 

2 

23 _ 

X 

2 

* 

030 

1 

23. _ 

X 

2 

\ 

020 

2 

_Z3_ 

4 

324 

Q7Q 

7 

JZ8_ 

2 

i. 

075 

1 

_x 

3 

% 

180 

1 

top  of  unit 

_8IL 

__x 

2 

165 

1 
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Sedimentary 

Structures 


PORT  JERVIS  SECTION 


Unit  No. 

Ripple  Mark  1 

Flute  Cast 

Groove  Cast  1 

Furrow  Cast 

Prod  cost 

Cross  Strat. 

1 CS  Sand  Body  1 

1 Wedge-out 

1 Bolster  1 

I Bolster,  moved  1 

Flame  Struc. 

| Deformed  Bdg.| 

1 Cord  Struc.  1 

Plont  Frog 

Length 

Width 

Thickness 

Wove  Length 

Amplitude 

Orientation 

Current 

Direction 

Roting 

Remarks 

X 

2 

k 

120 

210 

1 

base  of  uni 

asymmetric 

"sr 

X 

3 

2 

105 

2 

on  same  bed 

88 

X 

9 

4 

3 

105 

2 

on  same  bed 

88 

X 

2 

jL 

065 

2 

on  same  bed 

89 

X 

3 

3? 

kJL-j 

115 

3 

94 

X 

9 

12 

040 

2 

97 

1/16 

1/10 

015 

4 

106 

5 

\ 

1/16 

120 

3 

107 

X 

1 

7 

055 

2 

107 

5 

i 

120 

1 

loaded 

107 

X 

_4i_ 

1 

060 

2 

109 

X 

6 

13? 

100 

1 

109 

X 

9 

5 

030 

2 

109 

X 

12 

12 

050 

1 

109 

X 

9 

1 

005 

1 

on  sane  bed 

109 

X 

3 

3 

005 

3 

on  same  bed 

124 

2 

6 

3? 

M 

015 

1 

124 

X 

12 

12 

060 

1 

124 

X 

6 

3 

070 

2 

129 

X 

10 

9 

045 

1 

1 8? 

X 

6 

\ 

% 

010 

1 

on  same  bed 

132 

X 

9 

6 

065 

2 

on  same  bed 

1 3f 

X 

3 

3/4 

065 

3 

147 

X 

Ik 

6 

075 

2 

1 32 

X 

4 

1 

070 

3 

1 66 

X 

10 

1 

060 

3 
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DEVONIAN  TRIMMERS  ROCK  STRATIGRAPHY 


Sedimentary 

c,rilM„r0c  BOWMANSTOWN  SECTION 


6 

2 

c 

D 

Ripple  Mark  1 

Flute  Cost 

Groove  Cast 

1 Furrow  Cast 

Prod  cast 

Cross  Strat. 

>* 

"O 

o 

CD 

-Q 

C 

o 
c n 

Ul 

u 

1 Wedge-out 

Bolster 

Bolster,  moved 

Flame  Struc 

1 Deformed  Bdg] 

1 Cord  Struc.  ; 

Plant  Frag 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientation 

Current 

Oi  rect  i on 

Roting 

Remarks 

5 

X 

4 

k 

370 

3 

5 

X 

390 

4 

6 

X 

1 

h 

100 

280 

3 

7 

X 

ib 

_£ 

D65 

335 

2 

asvmmetric 

8 

X 

3/8 

1/8 

325 

1 

8 

X 

3 

3? 

340 

4 

12 

X 

l 

1 

380 

2 

14 

D 

2h 

1? 

355 

4 

lobate 

14 

X 

k; 

3r 

375 

2 

15 

X 

2 

* 

385 

355 

1 

on  shale 

. _ 

top 

16 

X 

8 

% 

370 

340 

1 

on  shale 

21 

X 

h 

% 

365 

2 

top 

21 

X 

3/4 

3/4 

365 

2 

loaded 

TT 

X 

3% 

3/4 

385 

355 

1 

asymmetric 

35 

X 

2 

390 

360 

2 

asymmetric 

38 

X 

1% 

1% 

365 

3 

43 

X 

3/4 

11? 

375 

3 

46 

X 

4 

k 

\ 

38^_ 

2 

Type  II  bee 

36 

X 

2 

\ 

380 

1 

59 

X 

1 

1 

790 

2 

66 

X 

4 

1 

795 

4 

89 

X 

3 

1 / 8 

178 

380 

94 

X 

3 

% 

At 

380 

99 

X 

2 

1 /« 

1 / 8 

785 

? 

Type  TT  bed 

116 

£ 

7 

1 / 8 

1 / 8 

775 

3 

Type  TT  hed 

116 

X 

1 if 

1 / 8 

1 / 8 

775 

L 

~r 
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Sedimentary 

Structures  NEW  RINGGOLD  SECTION 

Unit  No. 

Ripple  Mark 

Flute  Cast 

Groove  Cast  1 

Furrow  Cast 

Prod  cast 

Cross  Strat. 

CS  Sand  Body 

Wedge-out  I 

Bolster 

Bolster,  moved 

Flome  Struc 

a* 

■o 

CD 

-o 

<u 

F 

o 

a> 

Q 

o 

D 

W 

T3 

O 

o 

Plont  Frag  j 

Length 

Width 

Thickness 

Wove  Length 

Amplitude 

Orientation 

Current 

Direction 

Rating 

Remarks 

16 

D 

4 

i 

085 

3 

20 

X 

3^ 

% 

080 

4 

21 

D 

8 

3/4 

100 

4 

loaded 

26 

X 

6 

3/4 

085 

2 

32 

D 

1 

075 

3 

loaded 

51 

X 

1 

1/16 

1/16 

085 

4 

59 

X 

4 

1/8 

1/16 

085 

3 

67 

X 

L0 

1 

* 

080 

4 

75 

x 

2 

k 

100 

4 

78 

2 

k 

095 

4 

82 

X 

L0 

6 

2 

065 

2 

84 

5 

3/4 

150 

3 

86 

E 

4% 

% 

085 

4 

loaded 

92 

3% 

% 

010 

2 

oeaked  crest 

93 

4 

k 

175 

3 

94 

3^ 

k 

040 

2 

oeaked  crest 

97 

3 

k 

035 

2 

oeaked  crest 

99 

2^ 

k. 

095 

2 

IOC 

7 

3/4 

065 

3 

2^ 

k 

165 

4 

3 

k 

105 

3 

11L 

4 

k 

080 

2 

111 

3^ 

k 

Q95 

3 

12L 

5 

1 

075 

4 

loaded 

12L 

3 

k 

140 

05C 

1 

asymmetr ic 

122 

5 

k 

080 

4 

137 

3 

k 

035 

2 

1M 

3 

3/4 

085 

3 

Sedimentary 

Structures  SCHUYLKILL  HAVEN  SECTION 

Unit  No. 

| Ripple  Mark 

[ Flute  Cast 

| Groove  Cast 

I Furrow  Cast 

Prod  cost 

| Cross  Strat. 

| CS  Sand  Body  | 

[ Wedge-out 

[ Bolster  j 

| Bolster,  moved  | 

O 

3 

</} 

a> 

6 

o 

u_ 

cr> 

T3 

GD 

■o 

0) 

F 

u 

o 

a> 

Q 

| Cord  Struc  | 

Plant  Frag  | 

Length 

Width 

Thickness 

Wove  Length 

Amplitude 

Orientation 

Current 

Di  rection 

Roting 

Remarks 

7 

X 

2^ 

1/8 

1/16 

155 

4 

19 

X 

1 

1/16 

1/16 

105 

4 

32 

X 

5 

3? 

140 

3 

47 

X 

26 

2 

1 

095 

1 

loaded 

70 

X 

Ik 

h 

065 

3 

loaded  on 

sandstone 

84 

X 

8 

k 

110 

2 

90 

X 

7 

1/16 

1/16 

100 

2 

!0"sandstone 

106 

X 

3Jl 

k 

1 5 5 1 

4 
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Sedimentary 

Structures 


MARYSVILLE  SECTION 


1 

Unit  No. 

-X 

O 

5 

Q> 

Cl 

a. 

a: 

Flute  Cast 

Groove  Cast  1 

1 Furrow  Cost  1 

Prod  cast 

I Cross  Strat.  I 

1 CS  Sand  Body  1 

Wedge-out 

Bolster 

I Bolster,  moved  1 

Flame  Struc. 

I Deformed  Bdg.l 

1 Cord  Struc 

Plant  Frag 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientotion 

Current 

Direction 

Rating 

Remark* 

57 

X 

3/8 

o 

070 

3 

on  bolster 

below 

“57 

X 

20 

12 

8 

020 

2 

“65 

X 

2 

% 

1/8 

045 

1 

“75 

X 

8 

6 

6 

090 

2 

79 

X 

9 

12 

16 

04Q 

2 

79 

X 

24 

14 

10 

075 

3 

79 

X 

JL4h 

_Z_ 

Qj6Q_ 

2 

79 

X 

48 

12 

6 

045 

3 

80 

X 

1/8 

US_ 

050 

230 

5 

91 

X 

24 

9 

055 

,3 
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Sedimentary 

Structures 


DROMGOLD  SECTION 


Unit  No. 

1 Ripple  Mark  1 

I Flute  Cast  j 

Groove  Cost  1 

! Furrow  Cost  1 

Prod  cast  | 

1 Cross  Strat.  I 

> 

•o 

o 

CD 

2 

o 

if) 

if) 

U 

I Wedge-out  1 

D 

O 

CD 

TJ 

a> 

s 

E 

lS 

0) 

O 

CO 

Flame  Struc 

I Deformed  Bdgl 

o 

D 

(/) 

T3 

i_ 

O 

o 

| Plant  Frag  | 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientation 

Current 

Direction 

Roting 

Remarks 

3 

X 

rW 

045 

1 

11 

X 

, 

[4 

010 

3 

zero  to 

North 

11 

X 

6 

4 

050 

2 

11 

X 

3 

3/4 

030 

3 

11 

X 

6 

L/8 

165 

1 

21 

X 

3 

1 

025 

4 

25 

X 

1 

1781/8  J 

165 

3 

33 

X 

if 

1/8 

L/16 

005 

2 

53 

X 

10 

7 

5 

160 

2 

53 

X 

12 

6 

035 

2 

53 

X 

18 

8 

055 

overturned 

57 

X 

15 

6 

3 

055 

2 

59 

X 

5 

1 

* 

070 

1 

axial  Diane 

60 

X 

3 

010 

3 

zero  to 

North 

§5 

X 

9 

3/4 

085 

4 

65 

x 

4 

1 

085 

? 

axial  plane 

66 

X 

3/4 

* 

040 

1 

_6Z 

X 

4 

9 

022 

? 

_Z2 

7? 

X 

10 

5 

050 

1 

X 

8 

1 

Q7i 

73 

X 

18 

065 

1 

zero  to 

North 

74 

X 

17 

9 

6 

055 

2 

74 

X 

6 

4 

150 

2 

axial  plane 

81 

X 

3 

if 

030 

u> 

o 

o 

_4_ 

3 

asymmetric 

87 

108 

4 

065 

X 

4 

1 

105 

2 

114 

X 

1 

1/16 

1/1 

3 

105 

T1 

123 

X 

if 

% 

k 

110 

290 

3 

125 

X 

2 

if 

k 

080 

260 

3 
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Structures 


GIRTYS  NOTCH  SECTION 


Unit  No. 

Ripple  Mark 

Flute  Cast 

Groove  Cast 

Furrow  Cast 

Prod  cast 

a 

</) 

i/> 

iS> 

O 

O 

CS  Sand  Body 

Wedge-out 

Bolster 

■O 

a> 

> 

o 

E 

at 

To 

o 

CD 

Flame  Struc 

Deformed  Bdg 

Cord  Struc 

Plant  Frag 

Length 

Width 

Thickness 

Wove  Length 

Amplitude 

Orientation 

Current 

Di  rect  i on 

Rating 

Remarks 

I 

X 

3^ 

3/4 

070 

4 

2 

X 

1 

% 

020 

3 

3 

X 

3 

k 

\ 

025 

025 

2 

9 

X 

6 

080 

4 

zero  to 

North 

13 

X 

12 

6 

075 

2 

axial  plane 

17 

X 

8 

5 

060 

2 

axial  plane 

17 

X 

1 

090 

1 

zero  to 

South 

18 

X 

4 

1 

070 

1 

on  same  bed 

18 

X 

3L 

1% 

070 

1 

on  same  bed 

21 

X 

8 

080 

2 

zero  to 

North 

22 

X 

li. 

3/8 

085 

2 

22 

X 

1/8. 

1/8 

080 

2 

30 

D 

4 

1 

065 

3 

50 

X 

2 

l/8„ 

1/8 

115 

3 

51 

X 

2 

1/16 

1/16 

120 

2 

53 

X 

iL 

1/8 

1/16 

085 

265 

4 

55 

X 

2 

% 

040 

4 

56 

X 

lk 

100 

1 

zero  to 

North 

60 

X 

1 

105 

? 

62 

X 

4 

% 

135 

Tvpe  TT  bed 

67 

X 

3 

1/8 

1/8 

110 

? 

69 

x; 

1 

i. 

1/8 

165 

345 

chevrons 

70 

X 

lk 

1/16 

1/16 

115 

1 

71 

X 

8i 

i 

010 

4 

84 

X 

2% 

\ 

100 

4 

90 

X 

2^ 

\ 

040 

2 

. 93 

.X 

5 

3/4 

110 

L 

1 0'aded 

96 

X 

4% 

% 

060 

3 

100 

X 

3i . 

_ i 

050 

3 

IQ5 

..X 

088 

South 

107 

X 

l 

^L/8 

1/8 

1 55 

2 

109 

„.x 

1% 

h. 

065 

335 

2 

asymmetric 

.116 

„x 

2 

100 

i 3 

zero  to 

] ■, 

South 

111 

X 

1 

1 065 

1 

zero  to 

North 

118 

6 

1/8 

1/16 

J 120 

1 

118 

24 

1 

% 

115 

1 

124 

X 

7 

3/4 

040 

1 

122. 

X 

3/16 

1/L6 

020 

1 

130 

_6_ 

1/16. 

JLQi 

lA 
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Sedimentary  GIRTYS  NOTCH  SECTION 

Structures 

Unit  No. 

Ripple  Mark 

Flute  Cost  1 

Groove  Cost  | 

Furrow  Cost 

Prod  cast  | 

Cross  Strat. 

CS  Sand  Body 

| Wedge-out 

Bolster 

Bolster,  moved 

o 

3 

(7) 

a> 

6 

o 

u. 

| Deformed  Bdg 

Cord  Struc  j 

| Plant  Frag 

Length 

Width 

Thickness 

Wove  Length 

Amplitude 

Orientotion 

Current 

Direction 

J Rating 

Remarks 

TJ4 

X 

3 

V 

1/16 

090 

4 

Type  II  bee 

162 

X 

2 

065 

2 

zero  to 

North 

167 

X 

4 

040 

4 

167 

X 

1 

1 

090 

2 

axial  plant 

171 

X 

1 

7 

065 

1 . 

axial  plans 

172 

X 

2 

035 

3 

172 

x 

2 

lilt 

i/ie 

.115 

2 

18C 

x 

8 

_ V.. 

- 

IOC 

.1. 

182 

a 

1 

1/1/ 

l/li 

105 

3 

20C 

X 

2 

1/8 

l/li 

IOC 

Jj 

Sedimentary 

Structures 

JUNIATA  RIVER  SECTION 

Unit  No. 

Ripple  Mark  1 

Flute  Cost  | 

Groove  Cost  1 

Furrow  Cast 

Prod  cast 

Cross  Strot. 

CS  Sand  Body 

Wedge-out 

Bolster 

Bolster,  moved 

Flame  Struc 

1 Deformed  Bdg. 

O 

3 

(7) 

T> 

O 

O 

1 Plant  Frog 

Length 

Width 

Thickness 

Wove  Length 

Amplitude 

Orientation 

Current 

Direction 

Roting 

Remarks 

4 

X 

2 

1 

050 

3 

48 

X 

3V 

V 

025 

2 

Loaded 

49 

X 

4 

Jl/4 

Q30 

? 

52 

X 

3 

3/4 

045 

1 

Loaded 

63 

X 

4 

1/16 

1/16 

J1Z6. 

? 

64 

X 

6 

3% 

1 

080 

_24Q 

73 

X 

3Jf 

1/16 

1/16 

080 

? 

87 

X 

40 

24 

I6_ 

105 

1 

94 

X 

11 

1 

h 

140 

? 

108 

X 

1 

1/16 

1/16 

100 

3 

108 

X 

5 

1_ 

_Q65. 

2 

108 

X 

8 

3/4 

075 

4 

168 

X 

2% 

1/16 

1/8 

JLQQ. 

2__ 

179 

X 

9 

3/4 

095 

l2_ 

Sedimentary 

c.  . ' MILLERSTOWN  SECTION 

Structures 

Unit  No. 

I Ripple  Mark  1 

1 Flute  Cost 

Groove  Cast 

Furrow  Cast 

[ Prod  cast 

Cross  Strot. 

CS  Sand  Body 

1 Wedge-out 

Bolster 

T> 

a) 

> 

o 

E 

0) 

5 

o 

GQ 

6 

3 

(7) 

at 

6 

o 

Li- 

CT» 

X3 

CD 

TD 

a) 

E 

o 

a> 

Q 

O 

3 

c7) 

T3 

O 

O 

Plant  Frag 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientation 

Current 

Direction 

Rating 

Remarks 

6 

X 

iv 

1/16 

1/16 

390 

3 

11 

X 

390 

2 

axial  plant 

33 

X 

3 

2 

365 

3 

33 

X 

3 

V 

V 

075 

2 

63 

X 

3 

V 

V 

L15 

295 

1 

loaded 

72 

X 

IV 

1/8 

1/8 

L20 

3 

89 

X 

1 

1/16 

1/16 

... 

L25 

3 
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Sedimentary 

Structures 


LIVERPOOL  SECTION 


Unit  No. 

Ripple  Mark 

Flute  Cast 

Groove  Cast 

Furrow  Cast 

Prod  cast 

Cross  Strat. 

CS  Sand  Body 

Wedge-out 

Bolster  1 

Bolster,  moved 

Flame  Struc 

d> 

T3 

GD 

TD 

Q) 

F 

o 

a> 

Q 

I Cord  Struc. 

Plant  Frag 

Length 

Width 

Thickness 

Wove  Length 

Amplitude 

Orientation 

Current 

Di  recti  on 

Rating 

Remarks 

12 

X 

l 

l/8_ 

1/16 

150 

2 

12 

X 

6 

395 

4 

zero  to 

North 

1 5 

X 

1/S_ 

1/16 

120 

2 

16 

X 

2 

2 

375 

4 

17 

X 

360 

3 

18 

X 

3 

£_j 

375 

1 

20 

X 

360 

3 

axial  olane 

20 

X 

3 

9 

360 

2 

24 

X 

10 

5 

3/4 

370 

2 

24 

x 

4 

6 

370 

2 

27 

X 

6 

..3/4 

355 

4 

31 

X 

6 

1 

380 

2 

loaded 

31 

X 

1 

375 

2 

31 

X 

21? 

1? 

365 

2 

33 

X 

6 

3 

11? 

340 

1 

33 

2^ 

6 

3 

355 

3 

33 

X 

7 

080 

1 

45 

X 

4 

2 

065 

1 

43 

X 

2 

1/8 

1 / 1 6 

135 

2 

46 

X 

12 

00 

1 — 1 

375 

2 

48 

X) 

060 

3 

48 

X 

2 

065 

1 

31 

X 

3 

\ 

050 

2 

33 

X 

2 

1/8 

1 /I  6 

100 

3 

51 

X 

3 

1 / 8 

1 /8 

110 

3 

62 

X 

4% 

h 

360 

-1 

62 

X 

4% 

385 

2 

82 

X 

6 

f 

360 

1 

1 oaded 

85 

X 

3 

1; 

365 

2 

86 

X 

7 

1 

P75 

1 

loaded 

95 

X 

23? 

3? 

360 

330 

1 

asymme  trie 

91 

X 

5 

D65 

335 

2 

asymmetric 

96 

X 

6 

1 

365 

1 

96 

X 

8 

1 

365 

1 

loaded 

98 

X 

5 

3/4 

380 

3 

loaded 

102 

X 

18 

13? 

3? 

100 

1 

102 

X 

4% 

3?  H 

350 

2 

103 

X 

4 

k 

360 

3 

119 

X 

3 

[L75 

4 

121 

X 

33? 

i 

p55 

3 

125 

X 

6 

lit 

D65 

3 

125 

X 

2 

D65 

3 

zero  to 

North 

14C 

X 

5 

3/4 

370 

2 
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Sedimentary  LIVERPOOL  SECTION 

Structures 

Unit  No. 

Ripple  Mark 

Flute  Cast 

Groove  Cast 

Furrow  Cost 

Prod  cast 

Cross  Strat. 

CS  Sand  Body 

Wedge-out 

Bolster 

Bolster,  moved 

Flame  Struc 

a* 

■o 

CD 

TD 

V 

F 

L- 

o 

v 

Q 

O 

3 

U~) 

TJ 

O 

o 

Plant  Frag 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientation 

Current 

Oi  rect  ion 

Rating 

Remarks 

146 

X 

1% 

h 

k 

370 

250 

4 

Type  II  bee 

151 

X 

5 

\ 

355 

4 

167 

X 

6 

350 

4 

177 

X 

1 

1/8 

1/8 

375 

3 

Sedimentary  red  CROSS  SECTION 

Structures 

Uni*  No. 

Ripple  Mark  [ 

Flute  Cast  | 

Groove  Cast | 

Furrow  Cast  | 

Prod  cast 

Cross  Strat.  | 

CS  Sand  Body  | 

Wedge-out  j 

Bolster  j 

Bolster,  moved  | 

Flame  Struc 

Deformed  Bdg] 

l Cord  Struc.  [ 

Plant  Frag  j 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientation 

Current 

Di  recti  on 

Roting 

Remarks 

14 

X 

3 

1/16 

l/ 16 

090 

3 

18 

X 

1 

1/8 

1/8 

080 

260 

2 

22 

X 

2 

4f 

1/d 

100 

280 

1 

26 

X 

2 

1% 

090 

3 

39 

X 

2 

% 

3/16 

080 

3 

42 

X 

9 

7 

6 

100 

3 

86 

X 

1 

1/8 

1/8 

110 

3 
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Sedimentary 

Structures 


SHAMOKIN  DAM  SECTION 


Unit  No. 

Ripple  Mark 

Flute  Cast 

Groove  Cast  I 

Furrow  Cast 

Prod  cast 

Cross  Strat. 

CS  Sand  Body 

Wedge-out 

Bolster 

Bolster,  moved 

Flame  Struc 

Deformed  Bdg. 

Cord  Struc. 

Plant  Frog 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientation 

Current 

Di  rect  i on 

Roting 

Remarks 

10 

X 

4 

% 

1/8 

130 

2 

12 

X 

2 

k 

1/8 

140 

2 

18 

X 

2 

1 

Q80 

4 

23 

X 

2 

2 

08ft 

4 

1 oaded 

25 

X 

2 

? 

08ft 

4 

26 

X 

3/4 

08ft 

7 

26 

X 

3 

k 

lift 

7 

47 

X 

9 

4 

4 

045 

7 

48 

X 

10 

6 

3 

1 1 5 

1 

52 

X 

2 

% 

1/16 

145 

7 

53 

X 

5 

2 

k 

140 

370 

4 

53 

X 

4 

3/8 

095 

3 

57 

X 

8 

1 / 1 6 

1 / 1 6 

120 

7 

62 

X 

2% 

1 / 8 

1 / 1 6 

1 10 

? 

64 

X 

2 

if 

1 30 

310 

7 

_x 

3 

V 

065 

4 

68 

_x 

3 ^ 

1 /1 6 

1 /1 6 

055 

7 

68 

X 

h 

1/8 

1/8 

055 

235 

4 

68 

X 

3 

1 

1 

170 

350 

1 

loaded 

78 

X 

3 

% 

130 

1 

83 

X 

5 

1/16 

1/16 

125 

2 

85 

X 

1% 

fr 

065 

4 

93 

X 

2 

% 

070 

4 

98 

D 

4 

4 

125 

2 

98 

X 

2 

3/8 

* 

125 

1 

99 

X 

9 

* 

% 

115 

2 

101 

X 

1% 

1/16 

1/16 

130 

2 

107 

X 

2* 

\ 

085 

4 

109 

X 

3 

h 

100 

3 

116 

D 

6 

\ 

110 

4 

123 

X 

14 

2 

080 

1 

124 

X 

14 

4 

065 

1 

124 

X 

12 

3/4 

090 

1 

133 

X 

4 

1/16 

1/16 

105 

3 

136 

X 

2 

% 

075 

1 

loaded 

137 

X 

5 

1 

075 

2 

14? 

X 

5 

1 

110 

3 

loaded 

150 

X 

3 

k 

V 

075 

2 

154 

X 

7 

k 

V 

no 

3 

156 

.X 

4 

1 /« 

1/16 

1 30 

4 

162 

_x 

4 

1 / 8 

/ 1 6 

080 

7 

128 

X 

1 k 

1 / 1 6 

1/16 

090 

3 

1S6 

X 

9 

/I  6 

/ 1 6 

100 

7 

1SZ 

6 

3/8 

k 

1 1 5 

? 

121 

2k 

1 

k 

070 

7 50 

? 

124 

_2£ 

iL 

1/8 

L/.L6 

.080 

1 

195, 

X 

_Oj 

1 2 

l/16ll/16 

__J LqmI 

LaJ 
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Sedimentary 

Structures 


CATAWISSA  SECTION 


Unit  No. 

Ripple  Mark  | 

Flute  Cost  1 

Groove  Cost  | 

Furrow  Cast  | 

| Prod  cast  ] 

Cross  Strat.  | 

CS  Sand  Body  | 

Wedge-out  | 

Bolster 

| Bolster,  moved  | 

Flame  Struc 

| Deformed  Bdg.j 

| Cord  Struc.  | 

Plant  Frag 

Length 

Width 

Thickness 

Wave  Length 

Amplitude 

Orientation 

Current 

Direction 

Roting 

Remarks 

2 

X 

075 

3 

2 

X 

- 

2% 

105 

2 

loaded 

19 

X 

3 

k 

100 

1 

19 

X 

4 

1 

095 

1 

35 

X 

4 

_A_ 

1/8 

110 

3 

36 

X 

\ 

100 

3 

37 

X 

5 

1/16 

100 

2 

Type  II  bed 

42 

X 

6 

085 

2 

44 

X 

5^ 

1/16 

1/16 

095 

1 

45 

X 

i h 

1/16 

1/16 

110 

3 

Type  II  bed 

46 

X 

1 

1/8 

1/8 

110 

2 

Type  II  bed 

X 

6 

k 

1/16 

105 

3 

^3 

X 

5 

3/4 

065 

4 

64 

X 

1 

2 

090 

4 

65 

X 

36 

2% 

100 

2 

67 

X 

7 

Jl_ 

155 

3 

68 

X 

2 

h 

080 

26C 

2 

78 

X 

3 

1/8 

1/16 

080 

3 

87 

X 

4 

3/4 

100 

1 

on  base 

bolster 

88 

X 

4 

2 

070 

2 

95 

X 

5 

3 

065 

2 

96 

X 

9 

7 

3 

085 

3 

99 

X 

4 

3 

080 

4 

101 

X 

4 

3/8 

1/8 

100 

1 

101 

X 

10 

\ 

1/8 

110 

1 

base  of 

shale 

103 

X 

1 

1/16 

085 

1 

104 

X 

9 

6 

2J? 

080 

1 

106 

X 

3 

5 

105 

1 

107 

60 

35 

18 

080 

1 

109 

X 

5 

Ik 

130 

2 

116 

X 

5 

1 

080 

1 

on  bolster 

117 

X 

4 

it 

070 

3 

loaded 

11^ 

X 

9 

7 

075 

2 

123 

X 

12 

6 

115 

3 

111 

X 

8 

1 

095 

3 

loaded 

139 

2 

% 

\ 

125 

305 

2 

1 

X 

3 

if 

V 

160 

340 

4 

179 

x! 

4 

it 

095 

3 

133 

X 

1 

V 

100 

4 

139 

X 

5 

Ik 

1Q0 

2 

192 

X 

1 

V 

1/16 

175 

4 

10 2 

AZ 

V 

1 /1 6 

105 

4 

708 

X 

6 

if 

085 

2 

loaded 

216 

X 

7 

1/fc 

095 

2 
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Sedimentary 

Structures  CATAWISSA  SECTION 


Unit  No. 

Ripple  Mark  1 

Flute  Cast 

Groove  Cast  1 

1 Furrow  Cost  1 

1 Prod  cast 

Cross  Strat.  1 

1 CS  Sand  Body  1 

1 Wedge-out 

4> 

Tj» 

O 

CD 

Bolster,  moved  1 

Flame  Struc 

a> 

T3 

CD 

■o 

a> 

£ 

u 

O 

0) 

O 

1 Cord  Struc.  1 

Plant  Frag 

Length 

Width 

Thickness 

Wove  Length 

Amplitude 

Orientation 

Current 

Di  recti  on 

Rating  j 

Remarks 

218 

X 

2 

JU3. 

Oft1! 

765 

7 

218 

X 

. 

1/8 

1/8 

080 

2 

219 

X 

4 

1/16 

1/16 

100 

2 

219 

X 

1 

h 

_1Z8 

100 

280 

3 

227 

X 

5 

1/8 

1/16 

110 

2 

236 

X 

3 

1/16 

1/16 

095 

2 
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APPENDIX  C 

The  tables  of  Appendix  C contain  grain-size  measurements  made  on  six 
thin-sections  examined  for  the  presence  of  graded  bedding.  The  data  are 
tabulated  by  grain-size  in  phi  units  and  by  traverse  number.  For  all  thin- 
sections,  Traverse  1 is  at  the  bed  base. 

Mean  size  and  standard  deviation  were  calculated  and  are  included  at  the 
bottom  of  the  tables.  The  numerical  counts  are  given  at  the  left  side  of  the 
table  and  these  are  converted  to  percentage  frequencies  on  the  right  side. 
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GRAIN  OCCURRENCES  PERCENTAGE 

SIZE  IN  TRAVERSE  IN  TRAVERSE 


($) 

1 

2 

3 

4 

5 

6 

7 

8 

1 

2 

3 

4 

5 

6 

7 

8 

6-5 

15 

14 

18 

39 

59 

112 

157 

236 

8 

8 

12 

20 

28 

39 

51 

54 

5-4 

53 

54 

45 

59 

82 

98 

71 

121 

27 

31 

29 

30 

38 

33 

24 

28 

4-3 

93 

78 

72 

82 

67 

79 

73 

71 

47 

44 

47 

41 

31 

27 

24 

16 

3-2 

31 

30 

19 

19 

7 

3 

4 

7 

17 

17 

12 

10 

3 

1 

1 

2 

2-1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

TOTAL 

193 

176 

154 

199 

215 

292 

305 

435 

100 

100 

100 

101 

100 

100 

100 

100 

MEAN 

SIZE  3.74  3.80  3.91  4.10  4.41  4.60  4.75  4.84 

($) 

STD. 

DEV.  .86  .84  .85  .92  .84  .83  .85  .81 

(ff$) 


Distribution  of  quartz  grain-size  in  thin-section  P-101  by  frequency  per  traverse  and  per- 
cent per  traverse. 


GRAIN  SIZE 

(<*>) 


OCCURRENCES 
IN  TRAVERSE 
1 2 3 


PERCENTAGE 
IN  TRAVERSE 
1 2 3 


6-5 

107 

84 

93 

36 

36 

41 

5-4 

90 

69 

75 

31 

30 

33 

4-3 

87 

74 

51 

30 

32 

23 

3-2 

9 

5 

5 

3 

2 

2 

TOTAL 

293 

232 

224 

100 

100 

99 

MEAN  SIZE 

4.50 

4.50 

4.64 

(<*>) 

STD.  DEV. 

.89 

.88 

.84 

Distribution  of  quartz  grain-size  in  thin  section  AH-101  by  fre- 
quency per  traverse  and  percent  per  traverse. 
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OCCURRENCES  PERCENTAGE 

GRAIN  SIZE  IN  TRAVERSE  IN  TRAVERSE 


(<*) 

1 

2 

3 

4 

1 

2 

3 

4 

5-4 

23 

23 

35 

68 

22 

27 

31 

47 

4-3 

21 

15 

18 

41 

20 

18 

16 

29 

3-2 

25 

14 

32 

25 

24 

17 

28 

17 

2-1 

31 

31 

28 

11 

30 

37 

25 

8 

1-0 

2 

1 

0 

0 

2 

1 

0 

0 

o-H) 

1 

1 

0 

0 

1 

1 

0 

0 

TOTAL 

103 

85 

113 

145 

99 

101 

100 

101 

MEAN  SIZE 

1.78 

1.79 

3.03 

3.64 

(<*>) 

STD.  DEV. 

1.22 

1.31 

1.17 

.96 

(<r<t>) 

Distribution  of  quartz  grain-size  in  thin-section  SD-72  by  frequency 
per  traverse  and  percent  per  traverse. 

OCCURRENCES 

PERCENTAGE 

GRAIN  SIZE 

IN 

TRAVERSE 

IN 

TRAVERSE 

($>) 

1 

2 

3 

4 

1 

2 

3 

4 

6-5 

116 

113 

153 

244 

55 

65 

72 

88 

5-4 

75 

49 

56 

31 

35 

28 

26 

11 

4-3 

21 

12 

5 

4 

10 

7 

2 

1 

3-2 

1 

0 

0 

0 

1 

0 

0 

0 

TOTAL 

213 

174 

214 

279 

101 

100 

100 

100 

MEAN  SIZE 

4.94 

5.08 

5.19 

5.36 

(«*>) 

STD.  DEV. 

.69 

.62 

.51 

.39 

Distribution  of  quartz  grain-size  in  thin-section  SH-73  by  frequency 
per  traverse  and  percent  per  traverse. 
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OCCURRENCES 

PERCENTAGE 

GRAIN  SIZE 

IN 

TRAVERSE 

IN 

TRAVERSE 

(<*>) 

1 

2 

3 

4 

1 

2 

3 

4 

6-5 

38 

64 

91 

140 

24 

29 

38 

76 

5-4 

32 

63 

85 

34 

20 

28 

35 

19 

4-3 

66 

77 

56 

8 

42 

35 

23 

4 

3-2 

21 

19 

9 

2 

13 

9 

4 

1 

2-1 

1 

0 

0 

0 

1 

0 

0 

0 

TOTAL 

158 

223 

241 

184 

100 

101 

100 

100 

MEAN  SIZE 

4.04 

4.27 

4.57 

5.20 

(*) 

STD.  DEV. 

1.02 

.96 

.87 

.60 

(a$) 

Distribution  of  quartz  grain-size  in  thin-section  NR-56  by  frequency 
per  traverse  and  percent  per  traverse. 


OCCURRENCES  PERCENTAGE 

GRAIN  SIZE  IN  TRAVERSE  IN  TRAVERSE 


(*) 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

7-6 

39 

48 

37 

52 

45 

17 

18 

16 

21 

19 

6-5 

98 

111 

113 

139 

139 

42 

42 

47 

56 

58 

5-4 

65 

76 

68 

45 

49 

28 

28 

29 

18 

21 

4-3 

29 

27 

17 

10 

7 

12 

10 

7 

4 

3 

3-2 

3 

4 

0 

1 

0 

1 

2 

0 

1 

0 

TOTAL 

234 

266 

235 

247 

240 

100 

100 

99 

99 

101 

MEAN  SIZE 

5.11 

5.14 

5.23 

5.43 

5.43 

(•*>) 

STD.  DEV. 

.95 

.94 

.81 

.76 

.71 

Distribution  of  quartz  grain-size  in  thin-section  AH-102  by  frequency  per  traverse 
and  percent  per  traverse. 


EXPLANATION 


Correction  lines  dashed  where  conjecfurol 
Datum  on  top  of  shale  unit  2. 

| Outcrop  or  well  samples  „f  Tully  Limes,one 
Doto  shown  in  5%  increments 
sample  surface  section 

■ Iypes  50%  Shale 

50  % Types  I + in  50%  Type  n 

r_T  '00%  Shale  VP 

U S TType  U'  Shole 

pvi  100 /o  Types  I + m 
IX  Covered  interval 


SAMPLE  WELL  SECTION 


25%  Sandstone  and  siltstone, 

7 5 % Shole. 

50%  Sondstone  ond  siltstone 
50%  Shale. 

75%  Sondstone  ond  siltston 
25%  Shole. 

100%  Sondstone  and  siltstone. 
No  somples 
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Plate  1.  LITHIC  CORRELATION  OF  THE  TRIMMERS  ROCK  IN  EASTERN  PENNSYLVANIA 
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